











VotumeE VI SEPTEMBER, 1935 No. 3 
612.664 .36:636.2 


110. THE INFLUENCE OF HIGH ENVIRONMENTAL 
TEMPERATURE ON THE SECRETION AND 
COMPOSITION OF MILK 
A PRELIMINARY NOTE 


By 8. BARTLETT. 
The National Institute for Research in Dairying, University of Reading. 


Ir is a well-established fact that during the summer months, particularly 
July and August, the chemical quality of milk tends to be poor. The same 
phenomenon has been reported in Germany (1) and in the United States of 
America (2,3). The individual factor or factors responsible have not been 
thoroughly established, although the work of Ragsdale and Turner(4) and 
Hays (5) shows clearly that the fat content of milk tends to be reduced as the 
environmental temperature increases. The extent of the summer depression 
in milk quality in this country is much greater during hot dry summers. 
Cranfield (6) and Golding et al. (7) found exceptionally poor-quality milk during 
the summers of 1929 and 1933 respectively. In both these years most cows 
were subjected to a higher temperature than usual and also to a variety of 
other unusual factors such as the changes in nutrition occasioned by dried-up 
pastures. The work reported here was planned in order to throw some light 
on the influence of temperature, and whether it may be considered solely 
responsible for low-quality summer milk or whether other factors such as 
nutritional ones may be partially responsible. 


METHODS. 

During the period January-April 1935, a preliminary experiment was 
carried out to examine the influence of a high environmenta! temperature on 
the composition of milk. Two pairs of cows were selected and one from each 
pair was kept in a room artificially heated to about 80° F. by hot-water 
radiators, while the two control cows were housed at the prevailing air tem- 
perature (average about 40° F.). Ample ventilation was provided in the hot 
room and none of the cows was exercised. Feeding, milking, stage of lactation 
and general management were almost identical for each pair of cows. Water 
was supplied ad lib. by means of automatic water bowls fitted with meters. 
The ration was adjusted according to standard requirements at the beginning 
of the experiment and then kept constant, the quantities fed to the larger cows 
being: hay 12 lb., mangels 48 lb., cake and meal mixture 12 lb. 

The animals were changed over hot « cold during the course of the experi- 
ment, and in order to simplify the expression of the results these have been 
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treated as two experiments each involving two pairs of cows. The conditions 


of temperature under which the animals were maintained and the experi- 
mental and control periods used for each of the two experiments are shown 


below. 
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RESULTS. 


The records relating to the cowhouses and animals are given in Table I. 
It will be observed that when the cows were kept in a high temperature the 
water consumption increased appreciably, while the temperature of the cows, 
the respiration and pulse rates became less regular and often showed con- 
siderable increases. When the temperature of the cowhouse rose much above 
80° F. the cows were often damp with perspiration, but they appeared quite 
comfortable with the exception of one cow during a short period of indis- 
position—a slight feverish condition, the cause of which is unknown. 

The results of the milk analyses include such a large mass of figures that 
detailed publication is impossible. A condensed statement is, however, given 
in Table II dealing with the milk yield and the percentages of fat and solids- 
not-fat. The scheme adopted in Table II for reducing the effect of the high 
temperature to a single figure is somewhat involved, but briefly is as follows: 
Mean values for each animal were found for (a) the experimental period and 
(b) the control period. The control animal in each pair is regarded as showing 
the normal change, if any, in the milk during the experimental period. The 
difference in the changes of the control cows and the experimental cows is 
ascribed to the influence of the high environmental temperature. Results are 
available for the four separate pairs, so that some indication of the significance 
of the results may be ascertained. This was done by “Student’s” method (8), 
and a significant change was observed only in the case of the solids-not-fat, 
where an average decrease of 0-153 per cent. solids in the fat-free milk occurred 
(odds that the result is not due to chance, 44 to 1). The milk yield was reduced 
by 0-16 lb. per day and the fat percentage by 0-04, neither change being 
significant. 

Regarding the other constituents of the milk and blood it may be said 
that if any changes occurred they were not measurable in this small-scale 
experiment. 

CoNCLUSIONS. 

While other workers have shown that high environmental temperature 
tends to reduce the fat percentage in cow’s milk, the experiment reported 
here indicates that the concentration of solids-not-fat is also reduced. Although 
the experimental conditions of temperature were continuously higher than 
English summer conditions, the experimental depression in milk quality was 
relatively small. It appears reasonable to suppose, therefore, that high tem- 
perature is not the only factor responsible for low-quality summer milk. 
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Table II. Effect of high environmental temperature on yield 


and composition of milk. 





(2) (3) (4) 
Mean production Change 
‘ during 
During experi- 
During experi- mental 
control mental period 

(1) period period (col. 3 — col. 2) 

Daily milk yield, lb. 
Pippin (Experimental) 30-928 31-678 0-750 
Peach 5th (¢ ‘ontrol) 30-680 31-260 0-580 
Venus 4th (Experimental) 21-092 20-547 - 0-545 
5th (Control) 22-552 22-127 0-425 
Peach 5th (Experimental) 27-020 25-235 1-785 
Pippin (Control) 28-680 27-700 0-980 
Venus 5th (Experimental) 21-940 20-930 1-010 
4th (Control) 15-995 14-875 1-120 
Mean change in milk yield ascribable to high temperature 
Percentage fat in the milk. 
Pippin (Experimental) 4-440 4-405 — 0-035 
Peach 5th (Control) 3-508 3-362 — 0-146 
Venus 4th (Experimental) 4-918 4-706 — 0-212 
5th (Control) 5-210 5-379 0-169 
Peach 5th (Experimental) 3-485 3-550 0-065 
(Pippin — (Control) 4-420 4-425 0-005 
Venus 5th (Experimental) 5-050 5-180 0-130 
» 4th (Control) 5-050 5-145 0-095 
Mean change in fat percentage ascribable to high temperature 
Percentage solids in the fat-free milk. 

Pippin (Experimental) 9-755 9-665 — 0-090 
Peach 5th (Control) 8-8: 30 8-870 0-040 
Venus 4th (Experimental) 9-822 9-713 ~0-109 
5th (Control) 9. ae 9-681 0-139 
Peach 5th (Experimental) 8-690 8-625 — 0-065 
Pippin (Control) 9-800 9-815 0-015 
Venus 5th (Experimental) 9-350 9-270 — 0-080 
4th (Control) 9-820 9-895 0-075 


Mean change in solids-not-fat percentage ascribable to high temperature 


J. Golding for arranging the chemical analyses of the milk samples. 
of other colleagues kindly co-operated, but their results will be more con- 


veniently 





incorporated in subsequent papers on this problem. 
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111. THE NUTRITIVE VALUE OF PROTEINS 
FOR MAINTENANCE 


By SAMUEL MORRIS anp NORMAN C. WRIGHT. 
The Hannah Dairy Research Institute, Kirkhill, Ayr. 


(With 4 Figures.) 


EARLIER work on the protein requirements for maintenance was restricted to 
the feeding of rations containing varying quantities of protein, no attention 
being given to possible differences in quality. The suggested standards vary 
widely. Thus Armsby (1) found that 0-4-0-6 lb. digestible true protein per day 
per 1000 lb. live weight was sufficient to maintain nitrogen equilibrium, 
Kellner (2) gave 0-6-0-8 lb. digestible crude protein, Hansson (3) 0-72 lb. diges- 
tible crude protein, Haecker (4) and Savage (5) 0-70 lb. digestible crude protein, 
while Hills (6) states that 0-6 lb. digestible crude protein is sufficient. 

In previous papers (7, 8) it has been shown that, so far as milk production 
is concerned, certain amino acids, notably lysine and tryptophane, must be 
supplied in the rations of milking cows, and that the absence of adequate 
quantities of these amino acids seriously reduces the biological value of the 
food protein. As regards maintenance, much work has been carried out 
on the amino-acid requirements of small animals, but the requirements of rumi- 
nants have not been studied. In view of the fact that, in practical rationing, 
maintenance and milk production are inseparable, it appeared essential to 
determine the amino-acid requirements for the former. 

It has been shown in experiments on small animals that tryptophane and 
cystine are essential for maintenance. Whether lysine is indispensable is not 
yet clear (Mitchell(9)). In the present experiments four main rations have 
been employed. As compared with body tissue (represented in Table I by 
beef) maize germ meal is deficient in cystine, and wheat gluten and rye-flour 
are deficient in lysine, while blood meal contains adequate amounts of both 
these amino acids. As regards tryptophane, it was impracticable to devise 
any satisfactory maintenance ration which was deficient in this amino acid, 
owing to the high tryptophane content of straw and of other roughages. It is 
therefore unlikely that, in feeding practice, a maintenance ration which is 
deficient in tryptophane will be encountered. This also applies to histidine 
and arginine, which are invariably present in adequate amounts. 

Table I. Amino-acid content of foods (as percentage of N). 


Arginine plus 


Lysine Cystine histidine 
Blood meal 11-5 2-6 17-7 
Maize germ meal* 5-6 0-0 16-8 
Wheat gluten* 0-5 1-9 13-2 
Rye flour* 1-2 2-2 21-0 
Beeft 75 1-4 18-5 


* From Mitchellao). 
+ From analysis of meat meal(iy. This value is taken as representing body tissue. 
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EXPERIMENTAL METHODS. 


(a) Animals. 
Four steers were used in the investigation. Steers 1 and 2 were two-year- 
old Shorthorns weighing 758 and 784 lb. respectively. Steers 3 and 4 were 
Ayrshires, both being about 1} years old and weighing about 660 Lb. 


(b) Rations. 

Prior to the beginning of the experiment the feed of the four steers con- 
sisted of grass ad lib. Each animal was under experiment for five or six 
successive periods of from 2 to 4 weeks, the ration for the final period being 
identical with that for the first period. With steers 1 and 2 the accepted 
standard, 0-60 lb. protein equivalent per 1000 lb. live weight, was used, while 
with steers 3 and 4 the standard was reduced to 0-40 lb. The starch equivalent 
was retained at the usual standard of 6 lb. per 1000 lb. live weight. It was 
found impossible to make up the ration solely from the selected foods, and a 
basal quantity of maize and straw was added to adjust the energy require- 
ments. The rations were fed in such quantities that each supplied equivalent 
amounts of N to the ration. Thus the total N content of the ration for any 
one steer remained constant throughout, the only difference being in the 
quality of the protein fed. Table II shows the quantities of food given, and 
Table III the lysine and cystine contents of the total rations. 


Table II. Details of daily rations. 


Steer 1 Steer 2 Steers 3 and 4 
Period ke. kg. ke. 
I 2-8 straw 2-8 straw 2-8 straw 
2-4 maize germ meal 2-0 maize 0-5 maize 
0-100 blood meal 0-05 blood meal 
0-455 starch 0-75 starch 
II 2-8 straw 2-8 straw 2-8 straw 
2-0 maize 2-4 =maize germ meal 1:00 wheat gluten 
0-100 blood meal 0-455 starch 


0-455 starch 


III 2-8 straw 2-8 straw 0-7 straw 
3-0 wheat gluten 3-0 wheat gluten 1-21 wheat gluten 
0-64 starch 


IV 2:8 straw 2-8 straw 2-8 straw 
2-0 maize 2-4 maize germ meal 0-82 maize germ meal 
0-100 blood meal 0-50 starch 
0-455 starch 
V 2-8 straw 2-8 straw 2-8 straw 
3-12. rye flour 3-12. rye flour 0-5 maize 


0-05 blood meal 
0-75 starch 


‘S straw 
maize 
0-100 blood meal 
0-455 starch 


VI 2-8 straw 
2-4 maize germ meal 


to bo 











S. Morris AND N. C. Wricut 291 


Table III. Lysine and cystine content of total rations (in g.). 








Steer 1 Steer 2 Steers 3 and 4 
Aa < ee ——— 
Period Lysine Cystine Lysine Cystine Lysine Cystine 
I 2-785 0-068 2-090 0-820 0-910 0-330 
Il 2-090 0-820 2-785 0-068 0-207 0-348 
Il] 0-367 1-006 0-367 1-006 0-138 0-401 
IV 2-090 0-820 2-785 0-068 1-010 0-060 
V 0-667 1-056 0-667 1-056 0-910 0-330 
VI 2-785 0-068 2-090 0-820 : . 


Calculated requirement (from endogenous N excretion): 
1-05 0-21 1-05 0-21 0-90 O17 


It will be seen that the theoretical lysine and cystine requirements caleu- 
lated from the endogenous N excretion, would be 1-05 g. lysine and 0-21 g. 
cystine for steers 1 and 2, and 0-90 g. lysine and 0-17 g. cystine for steers 
3 and 4, 

(c) Technique of collection and separation of excreta. 

The steers were accommodated in specially constructed wooden stalls 
raised about 18 in. above floor-level. A metal container was placed at the 
rear of the stall for the collection of the faeces. Urine was collected by fitting 
across the belly of the steer a canvas collecting funnel; a rubber tube at the 
base of the canvas conveyed the urine through a hole in the wooden flooring 
to special receptacles below. The canvas funnel was attached to the steer by 
appropriate harness. With this arrangement the collection was simple and 
the separation perfect. 

(d) Sampling and analysis. 

Uncontaminated urine samples were readily obtained. The faeces were 
thoroughly mixed to a homogeneous mass before sampling. Samples of urine 
and faeces were collected for 2-day periods. Faeces were analysed for total N, 
and urine for total N, for partition products, and for sulphur. 


RESULTS. 
(a) Total nitrogen of urine and faeces. 


The total N excreted in the urine is shown in the lower curves of Figs. 1-4. 
With all steers the values remain at a low level during the blood meal and 
the maize germ meal periods (i.e. on the complete and on the cystine-deficient 
tations). In the wheat gluten (i.e. lysine-deficient) periods there is, however, 
a marked increase in urinary N excretion. Moreover, this increase shows a 
roughly inverse relationship with the lysine content of the ration, being less 
marked in the second than in the third periods (steers 3 and 4). In the rye 
periods (steers 1 and 2, period V), where the lysine content of the ration is 
intermediate, no significant increase in urinary N excretion takes place. 


1 Note that the scales in the two sets of graphs differ. 
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Turning now to the excretion of N in the faeces, it will be seen from the 
upper curves in Figs. 1-4 that the wheat gluten periods show a markedly 
lower faecal N excretion than the remaining periods, the relationship between 
urinary and faecal N excretion being roughly inverse. That is to say, the 
feeding of the lysine-deficient wheat gluten rations results in a reduced N 
excretion in the faeces and an increased N excretion in the urine. 

It has been shown in previous work(7,8) that, in so far as requirements 
for milk production are concerned, such a picture indicates a deficiency in 
one or more essential amino acids. It seems justifiable to apply the same 
reasoning to the present experiments, and to conclude from the results of the 
wheat gluten periods that lysine is an essential amino acid for maintenance. 
As regards cystine, it appears from the results of the maize gluten meal periods 
that this amino acid need only be supplied in the food in minimal amounts, 
if at all. This point will, however, be discussed later. 


(b) Nitrogen partition in the urine. 

Figures for the total urinary N and the N partition products, averaged 
for each complete feeding period, are shown in Tables IV and V. It will be 
seen that the feeding of the lysine-deficient wheat gluten rations results in a 
marked increase in the excretion of exogenous metabolites, and particularly 
of ammonia, as a result of deamination of the excess circulating amino acids. 
The increase in the excretion of urea and ammonia on the wheat gluten rations 
is paralleled by an increase in the creatine excretion. It seems probable that 
these two observations are directly associated, the relatively high creatine 
values being due to the mild acidosis caused by the excessive deamination of 
amino acids and the resulting formation of considerable quantities of organic 
acids (7). 

(c) Nitrogen balances. 

The average daily gains or losses in N are shown in Table VI. It will be 
seen that, as regards steers | and 2, which were fed at the rate of 0-6 |b. 
protein equivalent per 1000 lb. live weight, any gains made were relatively 
small, while steer 1 actually lost nitrogen at the rate of 12 g. per day on the 
wheat gluten ration. Steers 3 and 4, which received only 0-4 lb. protein per 
1000 Ib. live weight, showed marked negative balances throughout all experi- 
mental periods. 

(d) Sulphur excretion in the urine. 

The study of 8S: N ratios is of particular significance in determining the 
mode of breakdown of body tissue and of its subsequent replacement. 
Table VII shows the 8 and N output in the urine, together with the 8S: N 
ratios of the excess output, 7.e. the difference between the output in each 
period with that in the first period. With steers 1 and 2 there is, of course, 
no excess excretion of S or N in the second periods, but in the third periods 
(wheat gluten) the 8: N ratios of the excess output approximate that of body 
tissue, 7.e. 1: 15-7. In the fourth periods (blood meal and maize germ meal 
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respectively) there is, however, a retention of S and N, also giving a ratio 
approximating 1: 15-7. It appears, therefore, that on the lysine-deficient 
ration body tissue is catabolised. During the following period, when an ade- 
quate food is substituted, this process is reversed, the retained material having 


Table LV. Urinary excretion of nitrogen (average per two days). 
L ge } y 


Preformed 
Period Total N Urea N Ammonia N Amino-acid N creatinine Creatine 
Steer lL. 
I 77-04 37°32 26-70 4-92 10-12 4-60 
II 74-06 33-72 21-16 3-60 9-50 2-32 
ILI 121-12 47-48 56-00 8-02 11-22 7-00 
IV 60°30 19-86 19-94 2-42 10-36 1-20 
V 73°18 32-02 20-80 4-18 11-34 2-46 
VI 73-86 33-52 20-18 2-46 10-54 1-18 
Steer 2. 
if 73-48 40-08 21-74 4-12 10-54 5:48 
II 64-76 34-00 17-78 2-82 10-76 2-52 
ILI 88-62 32-32 39-42 5-00 11-82 6-54 
lV 47-88 18-44 16-18 3-74 10-20 2-14 
V 67:74 35-02 19-30 5-60 11-34 2-58 
VI 58-30 30-86 15-40 3-68 10-76 2-16 
Steer 3. 
I 28-04 12-70 8-86 2-62 1-82 1-62 
II 43-52 12-32 18-66 3-56 5-22 5-66 
IL] 49-06 18-50 16-50 2-74 5-32 5-06 
IV 4]-22 22-62 10-12 1-50 4-8 0-84 
V 27°20 16-64 4-96 0-44 6-02 0-76 
Steer 4. 
I 28-50 14-76 9-32 2-30 4-86 1-96 
Il 40-42 16-62 10-32 2-32 5-28 3-00 
III 54-96 16-62 22-46 2-42 5-40 5-44 
IV 32-90 17-14 9-44 1-70 4:40 0-78 
V 33-86 17-28 10-66 0-80 6-46 0-54 


Table V. Urinary partition of N (expressed as percentage of total N). 


Amino- Amino- 
Period Urea N Ammonia N acid N Urea N Ammonia N acid N 
Steer 1. Steer 2. 
I 48-4 34-7 6-4 54-5 29-6 +6 
II 45-5 28-6 4-9 52-5 27-5 4-4 
[Il 39-2 46-2 6-6 36-6 44-5 5-6 
IV 32:8 32:8 4-0 38-4 33°7 7:8 
V 43-8 28-4 a7 51-6 28:5 8-3 
VI 45-4 27°3 3°3 52-7 26-4 6-3 
Steer 3. Steer 4. 
I 43-8 30-6 9-0 51-6 32-6 8-0 
II 28-2 42-8 8-2 41-1 25-1 57 
II] 37°8 33-6 5-6 30-2 40-8 4-4 
IV 54-9 24-6 3-6 51-9 28-6 5-2 
V 61-2 18-2 1-6 51-1 31-5 2-4 


aS: N ratio equivalent to that of body tissue. Very similar results are obtained 
with steer 4. 

With steer 3 the results are not so clear cut. In the second period there 
isa S:N ratio of 1: 8-7, which might be taken to indicate that S is being 
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Intake 
per period 


Period g. 
I 1286-00 
II 1145-20 
III 1080-24 
IV 897-46 
V 978-80 
VI 975-28 
I 467-20 
II 607-36 
III 327-04 
IV 373-76 
V 280-32 
Period Urinary 
I 38-52 
II 37-03 
III 60-56 
IV 30-15 
"4 36-59 
Vi 36-93 
I 36-74 
II 32°38 
III 44:31 
LIV 23-94 
V 33°87 
VI 29-15 
I 14:47 
II 21-76 
[il 24-53 
IV 20-61 
V 13-60 
IV+V — 
I 14:25 
II 20-21 
III 27-48 
IV 16-45 
V 16:93 
IV+V od 
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catabolised in advance of N. In period III the ratio approximates that of body 
tissue. In periods IV and V there is again a retention of S and N. Taking 
period IV alone the 8: N ratio is low, indicating that during this period 8 is 


Table VI. Notrogen balance. 


Output 
per period 


Daily gain 


Intake 
per period 


Output 


per period 


Daily gain 


g. or loss g. g. or loss 
Steer |. Steer 2. 
1285-72 0-0 1306-50 1283-89 +113 
1143-29 0-0 1128-80 1118-78 + 1-25 
1275-07 12-18 1180-24 1113-82 +415 
803-21 6-45 900-20 847-96 + 3°73 
952-57 1-64 978-80 1018-13 — 2-46 
1048-45 - 4°57 1045-20 960-15 + 5:32 
Steer 3. Steer 4. 
600-90 -~ 6-68 467-20 609-74 7-13 
913-10 ~ 11-76 607°36 955-79 — 13-40 
466-69 9-98 327-04 510-72 - 13-12 
550-98 11-08 373°76 497-50 — 7-74 
335-42 4-60 280-32 378°85 8-21 
Table VII. S: N ratios. 
Excess S 
N Urinary $8 Excess N (corrected) S:N 
Steer 1. 
2-52 —_— — 
2-64 — a _ 
3-66 22-04 1-43 1:15 
1-66 — 30-41 -2:17 1: 14-1 
32 = s aoe 
1-77 = — — 
Steer 2. 
2-56 = = = 
2-10 — — — 
2-76 757 0-48 1: 15-8 
1-73 — 20°37 — 1-31 1: 15-6 
2-52 — — — 
2-04 — a — 
Steer 3. 
1-03 — — — 
1-45 7:29 0-84 lL: 87 
1-33 10-06 0-66 1: 15-1 
1-01 — 3-92 — 0-44 1: 9-0 
1-01 -7-Ol 0-00 — 
— — 7-42 — 0-44 1: 16-9 
Steer 4. 
1-12 — — — 
1-34 5-96 0-42 1: 14-2 
1-56 13-23 0-87 1: 15-2 
L-O1 — 11-03 — 0-62 1:17°8 
1-04 - 0-48 + 0-04 -— 
— — 10:79 — 0-60 1: 18-0 


anabolised in advance of N. In period V the N deficiency is made up (there 
being no further excess retention of S) and the S: N ratio for the combined 


periods IV and V reaches | : 16-9. 
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(e) Calculation of biological values. 

The biological value was calculated according to the formula 
I-(F,—M,)—-(U,—-E,) 
I-(F,,-M,) 
where /=intake, F,,=total faecal N, M,=metabolic faecal N, U, =total 
urinary N, #,,=endogenous urinary N!. The results are shown in Table VIII, 
the mean values being given in Table IX. It will be observed that the values 


B.V.= 





x 100, 


Table VIII. Biological values. 





Biological 
Period I F. M,, u.. E, value 
Steer lL. 
I 64-30 25:77 17-16 38-52 13-80 55-6 
Il 71-58 34-54 17-82 37-04 13-80 57-6 
Ill 67-52 19-14 17-16 60-56 13-80 28-0 
IV 64-09 27-22 17-82 30°15 13-80 70-0 
Vv 61-18 22-94 19-54 36-59 13-80 60-6 
VI 60-96 28-60 17-16 36-93 13-80 53-5 
Steer 2. 
I 65°33 27-46 17-82 36-74 14-24 60-0 
II 70-55 37°55 17-16 32-37 14:24 63-8 
Ill 73-77 25°31 17-16 44-31 14-24 54:3 
IV 64-30 26-70 17-16 33-94 14-24 64-0 
V 61-18 29-77 19-54 33°87 14-24 61-8 
VI 65-33 30-86 17-82 29-17 14-24 71-0 
Steer 3. 
I 23-36 15-58 13-53 14-47 12-00 88-4 
II 23-36 13-36 14-06 21-76 12-00 58-2 
Ill 23-36 8-81 8-42 24-53 12-00 46-0 
IV 23-36 14-88 13-60 20-61 12-00 61-0 
V 23-36 14-36 13-53 13-60 12-00 93-0 
‘ Steer 4. 
I 23-36 16-24 13-53 14-25 12-00 89-0 
II 23-36 16-03 14-06 20-71 12-00 59-0 
Ill 23-36 9-00 8-92 27-48 12-00 32-2 
IV 23-36 14-97 13-60 16-45 12-00 80-0 
V 23-36 14-65 13-53 16-93 12-00 77:8 
Table [X. Mean biological values. 
Mean biological 
value 
Biological values (when blood 
Ration ; A " Mean meal =75) 
(a) Steers 1 and 2. 
Blood meal 57-6 70-0 60-0 71-0 64-7 75 
Maize germ meal 55-6 53-5 63-8 64-0 59-2 69 
Rye 60-6 61-8 a i 51-2 71 
Wheat gluten 28-0 54:3 — — 41-2 _ 48 
(6) Steers 3 and 4. 
Blood meal 88-4 89-0 93-0 77:8 87-1 75 
Maize germ meal 61-0 80-0 — — 70-5 61 
Wheat gluten (1) 58-2 59-0 — _ 58-6 50 
Wheat gluten (2) 46-0 32-2 — a 39-1 45 


1 The value for the metabolic faecal N was taken as 0:33 g. N per 100g. food intake. This 
figure was obtained from unpublished experiments. 
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for steers 1 and 2 are markedly lower than those for steers 3 and 4. This 
confirms the results obtained by Mitchell), who found that by feeding protein 
in excess of actual requirements the biological value was reduced. For ease 
of comparison, therefore, the values have been converted to an arbitrary 
standard, giving blood meal the mean biological value of 75. It will be seen 
that, taking into account the large variations within individual feeds, the 
differences between the biological values for maintenance of blood meal, maize 
germ meal and rye meal are probably not significant. The values for wheat 
gluten are, however, significantly lower than those for the other three foods. 


DiscussIon. 

The purpose of the work described above was to ascertain which of the 
amino acids are indispensable constituents of the maintenance rations of 
dairy cattle, and to determine the minimum requirements of such amino acids. 

It has already been noted that no suitable maintenance ration could be 
devised which was deficient in tryptophane, owing to the high tryptophane 
content of straw and of other roughages. This also applies to arginine and 
histidine, which are invariably present in adequate amounts. Two amino 
acids remain to be considered, 7.e. cystine and lysine. 

The fact that the excretion of N in the faeces and urine remained normal 
on the cystine-low ration (maize germ meal), that no abnormal 8: N ratios 
were observed, and that the biological value of the maize germ meal ration 
was not significantly lower than that of the blood meal ration indicates that 
cystine, even if indispensable, is only necessary in minimal amounts. In this 
connection it might be noted that the amount of cystine fed in the maize 
germ meal periods was only one-third of that theoretically required (as calcu- 
lated from endogenous N studies). Three explanations of this fact might be 
put forward: (a) that cystine is not catabolised during the normal “wear 
and tear’’ processes occurring in the animal body; (5) that the cystine content 
of the “wear and tear”’ quota is much less than that of body tissue; or (c) that 
cystine is synthesised by bacterial action in the fore-stomachs of the steer. 
The first alternative is unlikely in view of the fact that cystine has been shown 
to be essential for maintenance in the non-ruminant (Mitchell (9)). The second 
alternative receives some support from the work of Wilson (10). The possibility 
of bacterial synthesis of cystine in the fore-stomachs of the ruminant has 
been stressed by certain workers (1, 12) to explain wool growth in sheep on 
cystine-deficient grass, although others (13) hold that no such synthesis need 
be postulated to account for this apparent anomaly. While, therefore, it is at 
present impossible to decide between one or other of the three explanations 
put forward, it can definitely be stated that the maintenance requirement of 
cattle for cystine is minimal, and that in practice cystine-deficient main- 
tenance rations are very unlikely to be encountered. 

As regards lysine there has in the past been insufficient data to state 
definitely whether this amino acid is indispensable for maintenance. The 
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evidence presented in the present paper leaves, however, little doubt on this 
point, at any rate so far as cattle are concerned. The low faecal N excretion, 
the high urinary N excretion and high creatine excretion, the 8: N ratios of 
the excess S and N excreted in the urine, and the markedly lower biological 
values obtained on the wheat gluten rations, provide clear evidence of the 
essential nature of lysine for maintenance. Moreover, it is possible from the 
results to make a rough estimate of the actual quantity of lysine! required. 
Comparing the experimental results with the lysine contents of the rations 
fed (Table IIT) it will be found that, while 0-367 g. lysine N was inadequate 
(period III, steers 1 and 2), 0-667 was adequate (period V, steers 1 and 2). In 
the absence of any comparable experiments in which intermediate quantities 
of lysine have been fed it would seem necessary to adopt the latter figures as 
a tentative standard. This figure works out at approximately 0-80 g. lysine N 
(or roughly 4 g. lysine) per 1000 Ib. live weight. 

It is again of significance to note that the quantity fed to steers 1 and 2 
in period V, which was found adequate for maintenance, and on which this 
tentative standard is based, was only about 60 per cent. of that theoretically 
required, as calculated from endogenous N studies. 


S. Morris AND N. C. WRIGHT 


SUMMARY. 

The results of the present experiments may be summarised as follows: 

(1) When minimal quantities of protein are fed in the maintenance ration 
of steers, a deficiency of lysine will lead to a marked increase in the urinary N 
output. A deficiency of cystine has no effect. 

(2) The catabolism of body tissue is shown by the high creatine excretion 
and the 8: N ratio of the excess S and N excreted. This is probably the result 
of excessive deamination with the production of a mild acidosis. 

(3) As regards urinary partition of N there is some indication that a 
lysine-deficient diet causes a decreased percentage excretion of urea N and an 
increase of ammonia N. 

(4) The biological values have been calculated, the only marked difference 
occurring with wheat gluten, a protein very deficient in lysine. 

(5) An approximate value for the lysine requirements for maintenance 
has been calculated, 7.e. 0-80 g. lysine N per 1000 lb. live weight. 


The authors desire to acknowledge their indebtedness to Mr A. B. 
Fowler, B.Sc., for his continued help and advice throughout the investigation. 
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112. FEEDING BUTTERFAT TO DAIRY COWS 


By ANDREW C. M’CANDLISH ann JAMES P. STRUTHERS. 
Milk Production Department, the West of Scotland Agricultural College. 


REVIEW OF LITERATURE. 
Dvurine the past 70 years many trials have been conducted with a view to 
determining the influence of the fat in the ration on the percentage and yield 
of fat in the milk. The results obtained have been very conflicting, and it is 
not proposed to review all of them here, as this has been done by several 
writers. 

The early work on this problem was reviewed by Kellner(5), who found 
that the fat in the milk was sometimes increased and sometimes decreased, 
while at other times there was no change, on the addition of fat to the ration. 
He also quoted a series of ten trials, including about 200 cows which were 
fed rations low in fat at certain times and high in fat at others. On the average 
there was 2-7 per cent. less milk and 3-7 per cent. less fat produced when the 
rations high in fat were fed than when the low fat rations were given. These 
differences are not significant. 

A more recent review on the feeding of fat to cows by Sheehy (6) showed 
that vegetable oils and fats have no definite influence on the fat content of 
‘milk, while cod-liver oil has a depressing effect. If vegetable fats do not 
increase the fat content of milk, what is the influence of butterfat in the 
ration on the yield and composition of milk? 

Almost 20 years ago Beger(3) claimed that the feeding of butterfat had a 
stimulating effect on milk production, but his first work was carried out with 
only one sheep and one goat. Later(4) he fed three goats with whole milk, 
and with skim milk to which had been added melted butterfat. He found 
that the former had a greater influence on milk secretion than the latter. 
However, these trials were not sufficiently extensive to be of real value. 

Quite recently, Allen (1) has stated that the percentage and yield of fat in 
milk is increased by the feeding of milk and cream to cows, though he found 
no change when skim milk was fed. It would seem from this that butterfat 
in the ration may be capable of increasing the fat in the milk. Sheehy (6), 
however, fed separated and whole milk powders, but could find no change in 
the butterfat of the milk produced. 

In a second paper Allen) published the results obtained with thirty cows 
from three dairy breeds. In nearly 200 cases the fat in the ration was increased 
by the daily addition of more than half a pound of butterfat.. In all cases but 
one the fat content of the milk was increased. 

The cows used by Allen) were given adequate rations. The butterfat was 
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fed as butter which was melted and mixed with the grain during periods of 
6 days. It is claimed that there was no difficulty in getting the cows to eat 
this mixture and that there were no digestive disturbances. Butterfat, lard, 
tallow, and maize, cotton-seed, linseed, soy-bean, earthnut and coconut oils 
were all stated to increase the fat content of milk. The fat in the feed was 
said to act irrespective of the breed of the animal, stage of lactation, level of 
production, or season of the year. The amount of fat given was as high as 
2 lb. per head daily. The effects usually appeared within 12-24 hours after 
the commencement of fat feeding, and lasted up to 30-42 hours after com- 


pletion of the feeding period. 


EXPERIMENTAL WORK. 


The aim of the present work was to determine the effect on the fat content 
of the milk of adding definite quantities of butterfat, either as butter or as 
cream, to the normal rations of dairy cows. 


Trial I. 

In this experiment a total of nine cows, divided into three groups of three 
each, were used. There were two Ayrshires and one Friesian in each group, 
and the animals were all 3-4 years of age and in their first or second lactation. 
The length of time they had been calved varied from 5 to 12 weeks. 

The roughage ration consisted of 35 lb. mangels and 16 lb. hay, while the 
grain mixture was composed of 2 cwt. bruised oats, 2 ewt. maize meal, 3 cwt. 
bran, 1} ewt. soy-bean meal, and 1} ewt. decorticated earthnut cake. All 
cows received the same roughage ration. The grain allowance was fed according 
to the production of the animals, though kept constant throughout the trial 
for each animal. 

There were five periods of 10 days each. During the first, third and fifth 
periods the animals received the basal ration only, while in the second and 
fourth periods each animal was given an addition of 1 lb. of butterfat daily 
to her ration. 

In the second period one of the groups was given the butterfat in the form 
of cream which was diluted with warm water and then incorporated with the 
grain ration. In all other cases the butterfat was given in the form of butter, 
which was melted and while still warm mixed intimately with the grain ration. 

The average composition of the butter fed in this and the second trial 
was 15-68 per cent. moisture, 2-46 per cent. salt and curd, and 81-86 per cent. 
butterfat. The butter was fed in amounts equivalent to 1 lb. of butterfat. 

Contrary to the report of Allen 2) there was difficulty in getting the cows 
to clean up their grain ration at the start of each fat-feeding period, whether 
butter or cream was fed, and for the first 3 days the allowances of these had 
to be decreased. For the last 2-3 days of each fat-feeding period there was 
again difficulty with some of the animals. 
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The milk was weighed and sampled at each milking. The butterfat was 
determined by the Gerber method, and the solids-not-fat by the lactometer. 

When cream was fed the results were perhaps a little less favourable than 
those secured when butter was given. However, the differences were not of 
sufficient importance to warrant separate presentation here. 

Each of the two fat-feeding periods was compared with the check periods 
before and after, but here again there was no important difference in the 
results obtained in the fat-feeding periods. Consequently the results for the 
two fat-feeding periods have been combined and are compared with those 
for the check periods in Table I. The figures refer to the averages for each 
10-day period. 


A. C. M’CANDLISH AND J. P. STRUTHERS 


Table I. Summary of yields in Trial I. 


Milk Fat Other solids Fat Other solids 
Periods lb. lb. lb. %, %, 
Check 2949 102 263 3°46 8-91 
Fat-feeding 2941 105 267 3°53 9-07 
Difference, % - 0:3 2-9 1-5 2-0 1:8 


Though there was no significant variation in the yield and composition of 
the milk during the feeding of butterfat, there is a possibility that there might 
have been a temporary variation during some portion of the fat-feeding 
periods. Consequently, the yields of milk, butterfat and other solids during 
each day of the combined fat-feeding periods have been calculated, and are 
expressed in Table II as percentages of the average daily yields during the 
check periods. From these figures it can be seen that there was no regular 
variation in production which could be attributed to the feeding of butterfat. 


Table II. Daily yields in fat-feeding periods as percentages 
of yields in check preiods. 


Other Other 

Milk Fat solids Milk Fat solids 
Day % % % Day % % % 
1 95 95 95 6 102 104 104 
2 97 98 100 7 101 106 104 
3 101 104 104 8 99 101 101 
4 L100 102 101 9 99 102 101 
5 102 105 102 10 102 LOL 104 


The variations in the yields of individual cows were also studied, and two 
were found to give relatively large yields of butterfat during 1 day each, and 
two during 2 days each, when butterfat was being fed. However, the length 
of time the butterfat had been fed bore no relationship to this, nor did a cow 
giving a high yield on 1 or 2 days of the first experimental period do the same 
in the second. In fact two cows gave these results, one for 1 day and one for 
2 days, during the first fat-feeding period, while two other cows gave similar 
results in the second period. On the whole the feeding of butterfat had no 
consistent effect on the yield or quality of the milk. 
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Trial II. 


The feeding of butterfat was repeated with two Ayrshire cows. One had 
been calved 11 days and was in her second lactation, while the other, in her 
fifth lactation, had been calved 14 days. The same ration was fed as in Trial I. 
There were three periods of 6 days each, and in the second period butter was 
fed at the rate of 1 lb. of butterfat per head daily. 

The production during the fat-feeding period is compared with the average 
for the check periods in Table III. Here again, with the newly calved cows, 
there is no significant variation in production on the feeding of butterfat. 


Table III. Summary of yrelds in Trial IT. 


Milk Fat Other solids 
Periods lb. lb. lb. 
Check 550 22 49 
Fat-feeding 537 22 49 
Difference, °, — 2-4 0-0 0-0 


SUMMARY. 


1. The feeding of butterfat in the form of butter or cream had no significant 
influence on the yield or composition of the milk. 

2. At the beginning and end of the fat-feeding periods there was a 
tendency for some of the cows to go off feed. 


We wish to acknowledge the fact that the determinations of water, salt 
and curd in the butters were made by Mr P. Caldwell of the Chemistry 
Department. 
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113. THE YIELD AND COMPOSITION OF THE 
MILK OF THE EWE 


By WILLIAM GODDEN anp CLAUDE AUSTIN PUDDY. 
The Rowett Research Institute, Aberdeen. 


As compared with the voluminous literature on the yield and composition of 
the milk of the cow, that dealing with the milk of the ewe is scanty. Weiske 
and Kennepohl(1) found the yield from a Southdown-Merino cross from the 
second to the ninth day in lactation to average 847g. daily. Fuller and 
Kleinheinz (2) give the average yield for six breeds as 2-80 1b. daily, when 
measured by weighing the lamb before and after suckling, and only 1-022 lb. 
when the ewe was hand milked. They emphasise this failure to obtain a normal 
yield by hand milking. Neidig and Iddings(@), also using the lamb weights 
as a measure of yield, obtained an average daily yield for six breeds, from 
the tenth to the fiftieth day in lactation, of 1542 g. Scheingraber(4) gives 
results for two East Friesian milk ewes which were allowed to suckle their 
lambs for 49 and 42 days respectively and then were milked for 179 and 
185 days respectively. The total milk yields per lactation, allowance being 
made for a calculated yield during the suckling period, were 644 and 519-7 
litres, or an average of 2-82 and 2-29 litres per day. He also quotes the results 
for milk ewes from numerous workers in eastern Europe whose figures range 
from 263-4 kg. in a lactation period of 215 days down to as low as 20 litres 
in 100 days. Similarly he cites results for wool and mutton sheep which range 
from 19-27 litres per lactation for a Merino flock up to 69-04 kg. per lactation 
for a Leine flock. Peirce(5) found an average yield for six Merino ewes of 
1205 g. daily in the third week and 650 g. daily in the ninth week in lactation. 

There are wide variations in the data in the literature for the composition 
of the milk of the ewe, as is evident from the figures cited in Table I. 


Table I. Composition of ewe’s milk. 





Non- 
Total protein 
solids Casein Albumen nitrogen Fat Sugar Ash Specific 
Author % % % % % % % gravity 
Kénig«6) 16-43 4-17 0-98 = 6-18 4-17 0-93 1-0355 
Richmond (7) 20-54 5:23 1-45 — 8-63 4-28 0-97 — 
Fuller and 18-00 — —_ — 7-04 — a= 1-0381 
Kleinheinz 2) 
Neidig and — 3-29 0-77 0-059 7-72 — 0-83 1-032 
Iddings«3) 
Peirce(s) (a) 17-66 3:43 0-81 0-051 7-41 4-83 0-86 -— 
(b) 19-29 4-38 0-85 0-046 7-90 4-81 0-90 — 
Xv J 
i. Ji 
Scheingraberi4) — 15-76-25-94 4-55-9-33 5-05-1062 — 0-8-0-9 — 


(a) Third week in lactation. (6) Ninth week in lactation. 
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The figures of Kénig(6) and of Scheingraber(4) are compiled from the 
results of various workers. Weiske and Kennepohl (1) analysed samples drawn, 
at varying intervals from half an hour to 9 days after lambing, from a 
Southdown x Merino ewe. Their results indicate that normal milk was being 
obtained at about the end of 2 days, and their average figures for samples 
drawn from the second to the ninth day in lactation agree fairly closely with 
those given by Kénig(6). Ritzman(s) obtained 6-0 per cent. of fat about 
1 month after lambing as the mean of 158 samples from ninety-five ewes of 
six different breeds and eleven crosses. 

Very few figures are recorded for the individual mineral constituents in 
ewe’s milk. Table II contains most of these results for calcium and phosphorus, 


the figures being given as percentage of the total ash. 


Table Il. Percentages in the ash of ewe’s milk. 


CaO P.O; 

Author % % Remarks 
Huchow) 38-0 26-72 East Friesian ewes 
Laxaiio) 29-9 30-0 Zackel ewes 
Niedig and Iddings.a) 22-16 26-98 =F 
Peirce) 31-8 29-2 Mean for third and ninth 


weeks in lactation 


PRESENT INVESTIGATION. 

The present figures were obtained in the course of an investigation into 
the mineral requirements of the breeding ewe during the annual cycle. In 
the first experiment there were two groups of Cheviot ewes. Group I, repre- 
sented here only by ewe No. 41, received a ration consisting of 1 part hay 
and straw (equal parts), 3 parts meals and 3 parts potatoes, the meals mixture 
being 4 parts maize, 1 part bruised oats, 1 part bran, | part linseed cake. In 
addition each animal received 10 g. of salt and 2-5 c.c. of cod-liver oil daily. 
This ration was deficient in calcium but otherwise adequate. Group II, repre- 
sented here by ewes Nos. 43, 44 and 45, received the above ration plus 13-5 g. 
chalk and 13-5 g. calcium lactate per head daily. This gave an average daily 
intake of 2-0 g. CaO and 9-9 g. P,O; for Group I and 11-0 g. CaO and 10°8 g. 
P.O, for Group I. 

The ewes were placed in metabolic cages at different times throughout 
their lactation in order to determine their nitrogen and mineral balances 
(which was the primary object of the experiment). During these times the 
lambs were separated from their mothers and the ewes were hand milked 
three times daily. Two to five day composite samples were made, according 
to the experimental conditions, and analysed for nitrogen, calcium, phos- 
phorus and chlorine. The figures giving the average daily milk yield and the 
composition of the milk are shown in Table III. 

A further experiment was in progress in 1934 with two groups of Cheviot 
ewes on similar rations to those given above. That year the ewes were not 
put into metabolic cages, but the lambs belonging to two of the ewes in each 
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group were muzzled for 24 hours so that they could not suck, but were allowed 
to run with the dams. The ewes were milked by hand five times in the 24 hours, 
and a composite sample was made for each ewe and analysed separately, the 
surplus milk being fed to the lambs. This was done on three different dates and 
the milk was analysed very fully, the results being shown in Table IV. 

The samples were not taken sufficiently regularly or over the whole lacta- 
tion range for each ewe to give a reliable value for the total yield of milk 
during the lactation. Averaging up the figures for the ewes we get an average 
daily milk yield of 597 ml. from the third to the sixteenth week in lactation 


Table III. Yield and composition of the milk from the ewes in 1933. 





! Average Composition of milk in g. per 100 ml. 
Weeks in daily yield ‘ =. 
lactation ml. Total nitrogen CaO PO; Chlorine 
Ewe No. 41, Group I. Low Ca ration (lambed 3. v. 33). 
4 459 0-99 0-26 0-42 0-087 
5 498 0-94 0-27 0-43 0-085 
6 567 1:07 0-28 0-43 0-085 
10 510 1-11 0-27 0-43 0-069 
11 523 1-09 0-29 0-42 0-075 
Ewe No. 43, Group II. High Ca ration (lambed 26. iv. 33). 
3 1161 0-88 0-27 0-41 0-077 
4 1074 0-84 0-28 0-39 0-087 
8 784 1-07 0-31 0-44 0-087 
9 485 1-15 0-34 0-46 0-085 
10 423 1-09 0-31 0-45 0-092 
14 362 1-03 0-29 0-37 0-079 
15 301 1-07 0-29 0:38 0-077 
Ewe No. 44, Group II. High Ca ration (lambed 24. iv. 33). 
8 773 0-87 0-24 0-41 0-062 
4 835 0-88 0-26 0-38 0-057 
8 601 1-12 0-29 0-42 0-065 
9 537 1-05 0-30 0-40 0-066 
10 528 1-03 0-29 0-37 0-064 
14 495 1-17 0-32 0-45 0-103 
15 444 1-16 0-32 0-44 0-108 
16 378 1-24 0-32 0-45 0-106 
Ewe No. 45, Group Il. High Ca ration (lambed 6. v. 33). 
10 730 0-87 0-26 0-43 0-069 
ll 644 0-95 0-28 0-42 0-076 


or about 67 litres of milk in 16 weeks. The ewes in the second experiment 
gave an average daily yield of 805 ml. from the fifth to the twelfth week in 
lactation. If the findings of Fuller and Kleinheinz are taken as correct, these 
figures would need to be increased considerably to give the true volume of 
milk yielded to the suckling lamb. 

As regards the effect of diet on the yield of milk the numbers of animals 
in either group in each experiment were too few for any definite conclusion 
to be drawn. In the first experiment the yield of ewe 41 on the low calcium 
diet at any period in the lactation was consistently lower than the average 
for the three ewes in the other group. The yield of ewe 41 was remarkably 
steady from the fourth to the eleventh week of lactation, whereas the yields 
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of ewes 43 and 44, whilst high at the commencement of lactation tended to 
fall rapidly from about the eighth week onwards. In the second experiment 
this difference was not noticeable between the average yields of the two ewes 
in each group, and it is doubtful whether any difference in yield can be directly 
attributed to the difference in diet. 


Table IV. Yield and composition of the milk from the ewes in 1934. 
All results in g. per 100 ml. 


(a) Ewes of Group I. Low Ca ration. 














Ewe No. 283 Ewe No. 289 
(lambed 4. v. 34) (lambed 7. v. 34) 
Date of sampling 6-7. 27-28. 25-26. 6-7. 27-28. 25-26. 
vi. 34 vi. 34 vii. 34 vi. 34 vi. 34 vii. 34 
Day in lactation 33 54 82 30 5] 79 
Yield (ml. in 24 hours) 1165 930 567 975 710 587 
Specific gravity 1-0338 1-0357 1-0285 1-0314 1-0361 1-0295 
Total N 0-86 0-88 1-00 0:84 0-93 1:03 
Casein N 0-66 0-69 0-80 0-65 0-73 0-82 
Albumen + globulin N 0-126 0-141 0-145 0-112 0-122 0-155 
Non-protein N 0-075 0-049 0-060 0-071 0-081 0-055 
Sugar 4:75 4-95 5-36 4-63 4-79 5-02 
Fat 7-55 6-35 6-50 9-30 5-85 7-25 
Ash 0-97 0-98 1-00 0-94 0:96 0-98 
CaO 0-309 0-303 0-272 0-305 0-301 0-270 
P.O; 0-373 0-373 «0-363 0-379  0:387 0-875 
Chlorine 0-092 0-071 0-092 0-071 0-071 0-078 
Total protein (N x 6-38) 5:49 5-61 6:39 5:33 5-93 6:57 
Casein (N x 6:38) 4-20 4-40 5-08 4-17 4-63 5-23 
Albumen + globulin (N x 6-38) 0-80 0-90 0-92 0-71 0-78 0-99 
(b) Ewes of Group II. High Ca ration. 
Ewe No. 272 Ewe No. 286 
(lambed 3. v. 34) (lambed 3. v. 34) 
Date of sampling 6-7. 27-28. 25-26. 27-28. 25-26. 
vi. 34 vi. 34 vii. 34 vi. 34 vii. 34 
Day in lactation 34 55 83 55 83 
Yield (ml. in 24 hours) 1055 1075 729 595 465 
Specific gravity 1-0324 1-0354 = 11-0255 1:0335 — 1-0267 
Total N 0-75 0-93 0-99 0-90 0-97 
Casein N 0-61 0-74 0-74 0-72 0-78 
Albumen + globulin N 0-121 0-141 0-184 0-134 0-141 
Non-protein N 0-021 0-049 0-067 0-046 0-046 
Sugar 4-67 4-74 4-76 4-58 4-68 
Fat 7:80 6-70 8-10 7:75 8-55 
Ash 1-00 0-98 1-01 0-92 0-93 
CaO 0-325 0-303 0-281 0-291 0-271 
PO; 0-360 0-362 0-353 0-360 0-346 
Chlorine 0-071 0-064 0-099 0-064 0-078 
Total protein (N x 6-38) 4-78 5-95 6-34 5-77 6-19 
Casein (N x 6-38) 3°88 4-73 4-74 4-62 5-00 
Albumen + globulin (N x 6-38) 0-77 0-90 1-17 0-85 0-90 


Composition of ewe’s milk. In each experiment and with all ewes there 
appears to be a general tendency for a steady rise in the total nitrogen content 
with advance in lactation. There is again a difference between individual ewes 
and in each experiment. The milk of the ewes on the low calcium diet tends 
to have a higher nitrogen content than that from the ewes in the other group, 
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although the differences are not great and are within the differences between 
the milk of individual ewes in one group. 

There is no definite evidence of any difference in the calcium content of 
the milk of the ewes of the two groups consequent upon the wide differences 
in calcium intake of the ewes. In the first year with three out of four of the 
ewes there was a rise in the calcium content of the milk with advance in 
lactation, whilst with the fourth ewe there was a marked rise followed by an 
equally marked fall. In the second year the milk of all four ewes showed a 
marked fall in calcium content between the eighth and the twelfth week in 
lactation. 

The differences between the phosphorus content of the milk of the ewes 
in the two groups in each experiment are very slight and undoubtedly not 
significant, and there is no regular or significant variation with advance in 
lactation. 

Except with ewe No. 44 (Exp. 1) the chlorine does not show a definite 
inverse variation with milk yield. As samples were not ‘obtained just at the 
end of lactation it is not possible to say whether the sharp rise in chlorine 
content at the end of lactation obtained for cow’s milk would also be found 
for ewe’s milk. 

Averaging up all the figures in Tables I and II the average composition 
for all the samples taken from the eight ewes in the 2 years is expressed by 
the following figures in g. per 100 ml.: total solids 19-30; total protein 
(N x 6-38) 6-09; casein 4-61; albumen and globulin 0-88; sugar 4-81; fat 7-43; 
total ash 0-97; CaO 0-292; P,O, 0-380; Cl 0-078; specific gravity 1-0317. These 
figures agree fairly well with those given by Peirce(5) for the averages for 
six ewes in the ninth week of lactation except for the phosphorus content 
which is higher than any of the figures cited in the literature. | 

For the purposes of record and to make as many results as possible available 
to readers there are given in Table V the results of analyses of samples of 
ewe’s milk which have been received from time to time, taken from grazing 
ewes in various districts in Scotland. The figures in columns 1-4 are for milk 
samples from black-faced ewes on four different hill pastures in the south-west 
of Scotland, being in some cases the means for two or more samples. The 
figures in columns 5, 6 and 7 are in each case the mean of two samples from 
Cheviot ewes on three different grazings in Aberdeenshire, and column 8 gives 
the results for a composite sample from five black-faced ewes, with pining 
lambs, grazing on the island of Coll. The results, although insufficient for 
statistical treatment, show considerable variations in the total solids and the 
organic constituents of the milk, but not such marked v=riations in the total 
ash or the individual ash constituents. The mean percentages for the eight 
sets of samples are: total solids 19-88; total protein 6-83; sugar 3-74; fat 7-94; 
total ash 0-93; CaO 0-276; K,O 0-152; Na,O 0-068; P,O, 0-374; Cl 0-118; 
specific gravity 1-0253; results which are in reasonably close agreement with 
those obtained for the milk from the eight ewes represented in Tables II] and IV. 


W. GopDEN AND C. A. Puppy 











312 The Yield and Composition of the Milk of the Ewe 


Table V. ELwe’s milk from various localities in Scotland. 


Composition in g. per 100 ml. 


l 2 3 4 5 6 7 8 

Date of 16.vi.23 8.vi.23 17.ix.23 29.v.24 14.vi.24 25.vi.24 28.vi.24 8.viii.24 

sampling 

Specific 1-0264 1-0382 1-0274 _- 1-0269 1-0346 1-0240 0-9998 

gravity 

Total solids 14-35 14-87 22-44 — 20-81 22-84 — 23-98 
Total N 0-89 0-81 1-55 0-79 0-94 1-51 0-99 1-08 
Sugar 1-60 5-60 2-00 - 5-02 4-45 a 3°77 
Fat 6-18 3°18 9-42 — 8°85 7-60 — 12-40 
Ash 0-90 0-93 1-11 0-80 0-92 0-93 0-93 0-90 
CaO 0-282 0-285 0-340 0-218 0-281 0-259 0-266 0-279 
K,O 0-156 0-136 0-107 — 0-175 0-194 0-149 0-149 
Na,O 0-066 0-053 0-094 — 0-068 0-036 0-093 0-063 
P.O; 0-336 0-327 0-439 0-434 0-375 0-390 0-352 0-341 
Chlorine 0-102 0-098 0-153 0-100 0-108 0-124 0-126 0-133 
Total protein = 5-67 5:16 9-91 5-05 6-02 9-63 6-32 6-91 
(N x 6-38) 


SUMMARY. 

Figures are given for the yield, specific gravity and composition of samples 
of milk collected at varying intervals throughout lactation from eight Cheviot 
ewes kept under experimental conditions and of odd samples taken from ewes 
under natural grazing conditions in different parts of Scotland. 

The figures recorded do not show any marked differences in composition 
as a result of wide differences in the calcium content of the rations. 
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114. THE RATE OF MILKING BY MACHINE 


By A. 8. FOOT. 
The National Institute for Research in Dairying, University of Reading. 


(With 6 Figures.) 


AccuRATE information concerning the speed of milking by machine and the 
variation in the duration of milking of individual cows is very scanty but 
M’Candlish and Cochrane (1), comparing rates of milking by hand and by two 
machines, found no great difference. The average time per cow varied from 
4-8 min. with one machine to 5-4 min. with hand milking. They stated that 
rate of milking increased with yield, but they also noted the influence of the 
individuality of the cow on the speed of milking. Matthews, Shaw and 
Weaver (2) recorded the actual rate of mechanical milking throughout the 
complete operation and grouped their results according to the yield of the 
cows. Their results indicated that on the average 6 min. milking was satis- 
factory for cows giving over 12 lb. of milk, and that 4 min. was sufficient for 
cows giving less than 6 lb. Their results also demonstrated “the inefficiency 
in the use of a milking machine on low-producing cows”. They also noted 
the large variation in the rate of milking in individual cows. 

Two aspects of the speed of mechanical milking are of particular interest. 
Firstly, there is the practical question of the “duration of milking” of indi- 
vidual cows. This is important not only from the point of view of labour 
economy but, as Crowther (3) has pointed out, it may have a pronounced effect 
on total fat yield. Secondly, there is the more academic question of the actual 
rate of milking, at any stage throughout the operation, which touches the 
problem of milk secretion and release. 

Tests carried out with milking machines used at the National Institute for 
Research in Dairying, have thrown some light on both of the problems men- 
tioned. The primary object in the analyses of the data has been to express 
in accurate figures facts concerning the speed of mechanical milking, which 
are perhaps generally recognised, but which are seldom capable of being 
subjected to numerical expression. A natural development of the work which 
has received but little attention in this paper is a study of the factors con- 
trolling speed of milking and the possibility of effecting improvements by 
changes in the make or management of machines. 

The apparatus used to determine the rate of milking was quite simple. It 
consisted of an accurate spring balance, weighing up to 60 lb. and graduated 
in tenths of a pound, a stop-watch and suitable equipment for hanging the 
spring balance from the cowhouse roof. The milking machine unit under test 
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was suspended from the spring balance in its normal position at the side of 
the cow and about 2 or 3 in. clear of the floor. Readings on the dial of the 
balance were recorded at 20-sec. intervals throughout milking. 


DURATION OF MILKING. 


When discussing the duration of milking by machine it is first of all 
necessary to decide what method shall be adopted to determine the “end- 
point’ of each milking. Most machines have a piece of glass tubing inserted 
in the milk tube in order that cessation of flow can be seen. This serves as a 
useful guide to the progress of milking, but it is not always easy to judge the 
rate of milk flow when the bulk of the milk has been drawn from the udder 
owing to the presence of milk froth in the tubes. For the purpose of this 
paper the “end-point”’ has been fixed as the point at which the increment of 
milk yielded fell below 0-3 lb. during two consecutive 20-sec. periods. 


RESULTS. 

In Fig. 1 the yield in 375 cow tests is plotted against the duration of 
milking. These results refer to tests carried out with thirty different cows at 
various stages during their lactations. Three different makes of machine were 
used. It is obvious that, with the machines and cows used, there was a very 
great range in the duration of milking both with low and with high yields, 

In Fig. 1 the coefficient of correlation between yield and duration of 
milking is 0-429. There is, however, a fairly clearly marked minimum duration 
which progresses from 2-33 min. for a cow giving 6 lb. to 5 min. for a cow 
giving 274 lb. It is interesting to note that in one instance milking took more 
than 11 min., and in about 8 per cent. of the tests 8 min. or more. 

In considering the results from individual cows it was found that in some 
instances the coefficient of correlation between duration of milking and yield 
was high. For example, in thirty-five tests carried out on the cow Dora 4, 
the coefficient of correlation was as high as 0-862. The results for this cow are 
set out in Fig. 2. If it is assumed that there is a direct correlation between 
yield and duration of milking it is possible to fit a line to the data plotted. 
In Fig. 2 one point in the line has been fixed at the intersection of the mean 
yield and mean duration, and the slope of the line has been calculated from 
the formula od 

r - 
where ¢ is the coefficient of correlation between yield and duration of milking, 
od is the standard deviation of the duration of milking, and oy is the standard 
deviation of the yields. 

A regression line has been constructed in the same way for all the data 
included in Fig. 1. In Fig. 3 similar lines representing the regression of time 
of milking relative to the weight of milk drawn are set out for six cows where 
the coefficient of correlation exceeded 0-580. 
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Fig. 1. Duration of milking by machine. 395 tests carried out 
on thirty different cows. 
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Fig. 2. Duration of milking by machine. Thirty-five tests carried 
out on the cow Dora 4. 
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In a few cases, especially with natural low yielders or hard milkers, there 


was only a low correlation between yield and duration of milking, and in 
these cows the range in time was very large irrespective of yield. On the 
other hand, the high coefticient of correlation and comparatively small varia- 
tion in the coefficient of regression for the six cows concerned in Fig. 3, 
indicates that in some cows the time taken to obtain, say, a 10 lb. yield can 
be used to predict very roughly the time necessary to give some other yield. 

Fig. 4 gives the regression of duration of milking relative to weight of milk 
drawn by three milking machines, A, B and C. The number of cow tests 
carried out with these three machines was 103, 98 and 50 respectively. The 
results are not strictly comparable owing to the use of different cows with 
the different machines, but it appears that A and B were appreciably quicker 
in milking high-yielding cows than C. 


Variation in rate of flow throughout milking. 

Records of the weight of milk drawn at 20-sec. intervals throughout 
milking have made it possible to study the rate of flow at various stages of 
milking. 

It is found on plotting single tests that each cow has a characteristic curve 
of “rate of milking”, which, under normal conditions, does not vary greatly 
from day to day. The difference in the slope of the curves for different cows 
is, however, fairly pronounced. 

In Figs. 5 and 6 average “rate of milking” curves for cows, grouped 
according to their yield, are set out. Owing to the variation in total time of 
milking, even for cows giving the same amount of milk, it is obviously im- 
possible to average the data directly because the curves of individual cows 
would terminate at different points. A composite curve can, however, be 
built up by averaging the first, second, third, etc., readings and then averaging 
the last, second from last, third from last, etc., readings of all the cows in the 
group. The first point of the latter section of the curve (plotting right to left) 
is fixed by finding the average time of milking of all the cows in the group. 

The two sections of the composite curves approach each other at a point 
when the rate of flow is reasonably constant, and no serious error is intro- 
duced by assuming that the two sections of the curves join as shown by the 
dotted lines. Thus while the composite curves are not entirely above criticism 
they do show the rise and fall of the average curves with reasonable accuracy. 

The first and last sections of the curves yield some information which is 
of interest. In the first place it is seen that in all groups maximum rate of 
flow was reached about 2 min. after the beginning of milking. 


In most of the curves certain irregularities are noticeable shortly after the 
commencement of milking. This is partly due to the fact that some cows 
started milking freely, but after }-1 min. appeared to restrict milk flow for 
a short period before milking freely again. This fact is well recognised by 
hand milkers and is probably due to the removal of milk from the udder 
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Fig. 3. Duration of milking by machine. Regression of duration 
relative to weight of milk in six cows. 
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Fig. 4. Duration of milking by machine. Regression of duration of milking 
relative to weight of milk in three milking machines. 
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cistern a short time before milk is freely discharged from the upper part of 
the udder. 

In comparing curves A, B and C in Fig. 5 with the curves for the same 
yield groups in Fig. 6 it is seen that the latter terminate more steeply than 
the former. It must, however, be pointed out that the curves are not strictly 
comparable, since the same cows are not under comparison in the two cases. 
Curves A, B and C in Fig. 5 include a large number of naturally low-yielding 
cows. Fig. 6, on the other hand, includes several cows which were naturally 
good yielders but were in the lower yield class only because the evening 
milking was under test. It is, in fact, possible to state that on the average 
the high-yielding cow milked out considerably quicker than the low-yielding 
cow when both were giving about the same low yield. 


SUMMARY. 


1. With the cows and machines tested there was a great range in the 
duration of milking, the coefficient of correlation between yield and duration 
of milking being 0-429. 

2. With some individual cows the correlation between yield and duration 
was high, and lines representing the regression of the duration of milking 
relative to the amount of milk drawn have been constructed. 

3. Average composite curves representing the rate of milking at various 
stages during the complete operation have also been set out for varying yield 
groups. The main conclusions to be drawn from these curves are: 

(a) With some cows the rate of flow was noticeably checked about $-1 min. 
after milking commenced. This check was of temporary duration. 

(b) Maximum rate of flow in all yield groups was reached about 2 min. 
after milking commenced. 

(c) A very much more rapid rate of flow was recorded with high yields 
than with low yields. 

(d) The decrease in rate of flow near the end of milking was rapid, 
especially with high yields. 
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115. FACTORS AFFECTING MILK AND 
BUTTERFAT SECRETION 


I. VARIATIONS IN FAT WEIGHT, FAT PERCENTAGE, 
AND THE AMOUNT OF FAT IN THE MILK REQUIRED 
TO MAKE A GIVEN WEIGHT OF BUTTER 


By ELIZABETH O. WHETHAM ann JOHN HAMMOND. 
School of Agriculture, Cambridge. 


(With 5 Figures.) 


INTRODUCTION. 

Ir is a well-known fact that the milk from different breeds of cows and from 
individual cows within a breed may vary in those qualities that contribute 
to successful butter- or cheese-making. The milk of some breeds, for example 
the Jersey and Guernsey, tends to make butter more easily and economically 
than the milk of such a breed as the Friesian which, on the other hand, excels 
in cheese-making properties. An important difference between the two groups 
is that the former (Jersey and Guernsey) give milk which has a larger average 
size of fat globule; these large fat globules are not only separated more easily 
from the milk but also tend to churn better than the smaller fat globules of 
the Friesian, which, however, give a better distribution throughout the curd 
of cheese. The size of the globule is also of importance in commercial liquid 
milk production, where a quickly formed and definite “cream line” which is 
obtained from milk with a large average-sized fat globule, such as the Jersey 
and Guernsey breeds usually provide, is in requisition. Since the appearance 
of the cream line, now that milk is sold in bottles, has much to do with its 
appreciation by the public, it was considered that some knowledge of the 
factors affecting it was desirable at the present time. That large globules do 
facilitate churning has been shown by several writers (Sturtevant (1), Woll 2,3), 
but at the same time it is recognised that the size of the globule is only one 
of the factors influencing the completeness of churning. Apart from differences 
due to methods of treating the cream and of churning, the chief natural 
factors quoted as affecting the churnability are the breed of cow, the season 
of the year, the food of the cow, and the period of lactation; it is possible that 
some or all of these may act by affecting the size of the fat globule. 

One of the objects of this paper was to obtain some evidence as to the 
natural factors which affect the amount of butter obtained from a given weight 
of fat in the milk, for, given an equal percentage of fat in the milk, the yield 
of butter obtained is higher in some breeds and animals than in others. It 
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was argued that, given certain standard conditions, a ratio such as fat 
weight : butter weight would be an indication of the changes in the size of 
the fat globule under other varying conditions, and would give an indication 
of what results might be obtained from a detailed study or measurement of 
the fat globules under such conditions. This would form one line of approach 
in studying the physiology of milk secretion. That the fat-weight : butter-weight 
ratio is an index of the size of the fat globule naturally requires more proof 
than can be given by such a statistical analysis, but it was hoped that this 
analysis might help to suggest experimental means of proof. More proof is 
also needed of the supposition that the “cream line” would follow the fat- 
weight : butter-weight ratio, with the limitations suggested by Orla-Jensen’s 
work (4) on the rising of cream. 


MATERIALS AND METHODS. 


The material used consisted of the Dairy Show records for the years 
1923-33. All the cows entered in the butter tests have been included. In 
these tests the milk of each cow is weighed, the fat percentage is determined 
by the Gerber method, the cream is separated and churned under conditions 
as standardised as possible, and the butter made from the cream is weighed 
and judged. It was considered that in these circumstances (where records of 
numerous cows are available) differences in the methods of churning, or 
feeding the animals, etc., would be equalised throughout the series, and since 
the trials are held uniformly during October differences due to time of year 
are eliminated. Thus most of the factors which are recognised as influencing 
the yield of butter are standardised and the effect of the remaining variables 
may be studied. 

The milking trials take place on two consecutive days, and the composition 
of the milk as given in the records is determined from the average of the 
2 days’ yield. Unfortunately the butter is made from the milk of the first 
day’s trial only, for which separate details for fat weight and percentage are 
not available. However, in the great majority of cases the weight of milk 
each day does not vary very much, and the inaccuracies which exist tend to 
be minimised by the large numbers considered. The fat percentage was calcu- 
lated from the total weight of fat in the 2 days’ milk. 

The various factors which it was thought might affect the amount of fat 
in the milk required to make a pound of butter, and hence probably the size 
of the fat globule and the formation of the “cream line”, will now be con- 
sidered in turn. It should be mentioned here that all the ratios are high as 
compared with what would be expected under factory conditions, and the 
causes for this, together with the times taken in churning, need further investi- 
gation. For the purpose of determining breed differences, however, the ratios, 
although high, are comparable. 
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BREED DIFFERENCES. 

Table I shows that there are large differences between breeds in regard 
to the amount of fat in the milk (determined by the percentage of fat, by 
Gerber’s method, multiplied by the weight of milk) required to make a pound 
of butter. It requires, at the one extreme with Friesian milk, 1-260 lb. of fat 
to make | lb. of butter, and at the other extreme with Jersey milk only 
1-011 lb. of fat to make 1 1b. of butter. It has been suggested above that 
the order in which the breeds stand in this respect (see Table I) is probably 
the order in which they stand with regard to average fat-globule size. That 
breed differences in average globule size do exist has been shown by various 
workers (Woll (5), Jones (6), Weigmann (7), Turner and Haskell (8)). Their results 
all indicate that breeds like the Jersey and Guernsey produce, on the average, 
milk in which there is a higher percentage of large globules in proportion to 


Table I. Breeds in order of weight of fat in the milk required 
to make 1 Ib. of butter. 


Milk Fat Average 

Fat: butter s.5. of Coeff. yield yield fat 

Breed Nos. ratio mean S.D. of var. Ib. lb. 7 
Friesian 171 1-260 0-022 0-287 22:78 64-9 2-43 3:77 
ted Poll 126 1-213 0-020 0-222 18-30 49-8 2-02 4-1] 
Shorthorn 263 1-213 0-017 0-273 22-51 52-6 2-14 4-08 
Blue Albion \7 1-209 0-041 0-167 13-81 52-4 2-34 4-54 
South Devon 63 1-167 0-033 0-170 14-57 52°3 2-45 4-71 
Ayrshire 194 1-148 0-003 0-135 11:76 5d°5 2°37 4:30 
Devon 26 1-124 0-023 0-185 16-46 40-1 1-81 4-54 
Guernsey 122 1-102 0-020 0-226 20-51 40-4 1-90 4:76 
Kerry 40 1-090 0-030 0-188 17-25 39-0 1-66 4:37 
Dexter 40 1-061 0-025 0-158 14-89 29-3 1-20 4-24 
Jersey 217 1-011 0-009 0-132 13-06 36-1 1-92 5:30 
Average 1279 1-145 — -—— — 46-6 2-02 4-43 


small than in the milk of such breeds as the Ayrshire or Friesian (Holstein). 
Cooper, Nuttall and Freak (9) emphasise the individual differences which occur 
and which they insist are of more importance than those of breed. However, 
this was due to the small numbers of cows with which they worked, for, as 
the present material shows, while it is true that very large individual differ- 
ences between cows of the same breed do exist, nevertheless when sufficient 
numbers are considered, then perfectly well-defined breed tendencies are 
exhibited. Individual variations and differences in method of sampling and 
measuring the size of globule probably account largely for the discordant 
results regarding the actual percentage of different-sized globules obtained 
by previous workers (see review by Campbell (10)), since it is extremely 
laborious to obtain accurate measurements directly from the milk of a large 


number of cows. 

When Table I is examined it is seen that the order in which the breeds 
stand (that of fat-weight : butter-weight ratio) is roughly parallel with the 
average yield of milk and of the fat weight, and in inverse order to the average 
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fat percentage. We suggest that milk yield could affect fat-globule size, because 
when yield goes up through a faster rate of milk secretion the fat globules 
would be washed out of the mammary gland cell more quickly and so would 
not attain such a large size as when the flow of solids-not-fat and water from 
the gland is slower. The more active the mammary gland cell is the higher 
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will its fluid content be, and so the fat globules will tend to come to the 
surface of the cell more quickly, and at a smaller size, than they would in a 
more viscous cell. 

In the following section it is shown that specific breed differences do exist 
in fat weight, fat percentage, and fat : butter ratio due to reasons other than 
differences in the average milk yield. 


THE AMOUNT OF MILK YIELDED WITHIN A BREED. 


Table II a has been calculated to compare six breeds with regard to fat 
percentage, fat weight and fat: butter ratio when the yield of milk is held 
constant. Fig. 1 represents this graphically. It should be remembered that 
the first and last classes of a breed in the various groupings frequently contain 
only a very few individuals and hence should not necessarily be taken into 
consideration when observing tendencies. One notable tendency is for the 
fat weight to increase with the milk yield (see also Krizenecky (11)), which was 
also the case for one breed compared with another (see Table I). At the same 
time there is a fall in fat percentage with increasing milk yield; this is 
especially the case with the Jersey and Guernsey breeds. A negative correla- 
tion of milk yield and fat percentage has been noted by many writers, e.g. 
Roberts (12), Gaines and Davidson (13), Turner (11), and Krizenecky (11), and it 
is sometimes said that the cause of the low butterfat percentage in some 
breeds is the larger amount of milk that they yield. From the point of view 
of butterfat production it might be found more profitable to keep the higher 
yielding cows and either to separate a portion only of the milk, putting back 
the cream to the rest, or to use for feeding purposes on the farm the first- 
drawn milk from the morning milking which is low in fat. Table II a shows 
that with a constant yield of say 45 lb. the fat percentage does vary between 
breeds, but not to the same extent as it does when no account is taken of 
differences in the average yield of the different breeds. For example, the 
average fat percentage of all Friesians is 3-77 and for all Jerseys 5-30 (difference 
1:53), but when only those cows which yielded 40-49 lb. are compared, the 
Friesian fat percentage is 3-89 and the Jersev 5-01 (difference of 1-12), that is, 
as the yield is increased within a breed there is a natural tendency for the 
fat percentage to fall and breed differences in fat percentage are partly, though 
not wholly, due to this fact. 

Similarly the amount of fat in the milk required to make 1 lb. of butter 
increases as the yield of milk goes up within a breed (see Fig. 1), and the 
differences between breeds in this respect are reduced, but not eliminated, 
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when the yield of milk is held constant. For example, the difference between 
the mean fat : butter ratios of Friesians (1-260) and Jerseys (1-011) is 0-249, 
but at a constant milk yield of 40-49 lb. the difference (1-166 and 1-047) is 
only 0-119. If we accept the theory that the ratio is an indication of the 
fat-globule size we must come to the conclusion that the fat-globule size is 
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Daily milk yield (Ib.) 
Fig. 1. Relation of the fat weight, fat percentage and fat: butter ratio to variations in milk 
yield within a breed. 
o—e—e— Fat percentage. ------- Fat weight. 
————— Fat: butter ratio. 


reduced as the milk yield is increased, although even when the milk yield is 
held constant there is a breed difference which is greater than that which 
depends on milk yield alone. 

This can be shown in another way, for if the regression lines for fat : butter 
ratio on milk yield are calculated (see Fig. 2) it will be seen that the effect of 
equal increases of milk yield on the fat : butter ratio is much greater between 
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breeds than it is within any one breed. It will be noted too that the regression 


lines in Fig. 2 show differences according to breed; that is, as the yield of 


milk goes up the fat : butter ratio increases more rapidly in some breeds than 


in others. 
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In order to determine whether it is the actual milk yield or the fat per- 
centage (which is inverse to the milk yield) that has the greatest effect in 
deciding fat : butter ratio the material has been divided in two ways: (a) that 
of cows giving above or below the breed average of milk (disregarding fat 
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percentage), and (6) that of cows giving above or below the breed average of 
fat percentage (disregarding milk yield). Table III shows the results, together 
with the standard errors of the breed means. It will be seen that in every 
case the higher milk yield has a greater fat: butter ratio (/.e. smaller fat 
globule) than the lower milk yield, although it is true that in selecting for 
yields in this way there has also been a slight negative selection for fat per- 
centage (see Table III a). The difference between the ratios in the case of 
high and low fat percentages is by no means so marked, however, and it seems 
probable that this apparent effect of fat percentage on fat: butter ratio 
(shown in Table III 8) may be largely ascribed to the fact that in selecting 


Table III. Fat : butter ratios, etc., of cows giving above or below the 











breed average of weight of milk and fat percentage. . 
A. Weight of milk B. Fat percentage 
AL co A 
Fat: Fat: 

Milk Milk Fat Fat butter Fat Milk Fat Fat butter s.E. of 

Breed weight Ib. Ib. % ratio % lb. lb. o% ratio mean 
Friesian Above 750 2-78 3-71 1-351 Above 64:6 2:69 4-20 1-252 
Below 53-0 2-04 3°83 1-231 Below 65:3 2-15 3°31 1-268 

Diff. +0°120 Diff. —0-016 0-022 
Shorthorn Above 63-7 2-54 3-98 1-242 Above 50-0 2:37 4-71 1-207 
Below 41-7 1-75 1-17 1-184 Below 549 192 3-49 1-218 

Diff. +-0-058 Diff. —0-011 0-017 
Ayrshire Above 69-7 2:92 1-18 1-203 Above 53-0 2:56 4:82 1-138 
Solow = 425 LBB 4B 1-141 Below 57-7 220 3-82 1-156 

Diff. +-0-062 Diff. —0-018 0-003 
Red Poll Above 6L-9 2-36 3-93 1-266 Above 47-8 2-23 4-70 1-206 
Below 39-2 1-67 4-29 1-159 Below 51-5 1:83 3-59 1-220 

Diff. +0:107 Diff. —0-014 0-020 
Guernsey Above 506 228 4:56 1-146 Above 376-200-5380 1-081 
Below 32-4 160 4-92 1-068 Below 43-7 1-79 1-12 1-127 

Diff. + 0-078 Diff. —0:046 0-020 
Jersey Above 43:3 2-18 5-06 1-023 Above 33-4 2-01 5-97 1-025 
Below 29-6 1-68 57 1-001 Below 38-7 1-82 4-60 0-997 

Diff. +0-022 Diff. +0:028 0-009 
Six breeds Av. diff. +0-074 —0-022 


for high or low fat percentages there is a slight selection for low or high milk 
yields. The small standard error of the Ayrshires is possibly of some interest 
in regard to the exceptional homogeneity of the material, the cows for the 
most part being heifers in an early stage of their first lactation. 

It appears that in the individual cow the average size of fat globule is 
normally a fairly constant quantity from day to day (Cooper, Nuttall and 
Freak (9), Campbell (10). 

It is difficult, however, at present to account for the large individual and 
breed variations, other than those due to milk yield, observed in the fat : butter 
ratio, and it can only be supposed that some other factor or factors are at 
work and that the rate of milk secretion is only one influence affecting the 
size of the fat globule. Perhaps the best working hypothesis that can be 
suggested is that the rate of butterfat formation and the rate of solids-not-fat 
and water formation are two distinct qualities, both being stimulated when 
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the mammary cell is activated by a pregnancy, and both declining in rate of 
production during the course of a lactation and period of senile decay of the 
mammary cell (see p. 329). The size of the fat globule would then be deter- 
mined by two factors, (a) the rate of butterfat formation by the cell, and 
(b) the rate at which the globules rose to the surface and were discharged 
from the cell. The rate of milk secretion would largely control factor (), but 
factor (a) would probably account for the breed and individual differences 
described above. As the yield of milk (solids-not-fat and water) goes up 
(factor (b)) the fat percentage and size of globule would tend to go down, 
unless at the same time the rate of fat formation (factor (a)) was also increased. 


THE LACTATION PERIOD. 

Unlike differences in yield due to other factors (e.g. breed), differences in 
vield due to the lactation period do not seem to affect the fat : butter ratio 
in a constant way throughout the series (see Table II B), although previous 
workers are agreed that an advance in lactation means a decline in the average 


Table IV. Variations in composition of milk during 


lactation period, Shorthorns. 


Days since Milk Fat Fat : butter Fat 
calving Nos. lb. lb. ratio 
14—- 19 38 52-4 2-39 1-246 4°55 
20- 29 66 53-1 2-26 1-208 4:27 
30-— 39 45 56°7 2-84 1-204 3:99 
40— 49 36 5d-4 1-89 1-208 3°73 
50— 59 22 50-3 2-23 1-198 3°72 
60— 89 22 49-6 1-84 1-187 3:78 
90-119 13 49-9 1-97 1-278 3:86 
120-149 15 45-9 1-98 1-240 4:38 
150 6 43-9 1-74 1-087 3:99 


size of the fat globule. One possible explanation of this is that Dairy Show 
records are not very satisfactory material on which to show effects of lactation 
period, since through selection of the cows the yields do not fall as in a normal 
lactation. As White and Drakeley (15) have shown, the maximum number of 
points in most breeds is obtained shortly after calving when the flush of milk 
is at its height, and so the owners do not show their cows when far advanced 
in lactation. The exceptions to this are seen in the Jersey and Guernsey 
breeds, which, however, obtain their maximum number of points 6 or 7 weeks 
after calving and for whom the subsequent decrease in points gained is rela- 
tively slow; Jersey and Guernsey breeders consequently show their cows 
without much regard to the length of time they have been in milk. The 
following conclusions are drawn from the records of the Shorthorns, chosen 
because they exceed in numbers the other breeds shown, making it possible 
to divide them into shorter class periods (see Table IV). The milk yield after 
a preliminary rise declines steadily to the end of the lactation; the weight of 
fat follows the same course; and the fat percentage first falls and then tends 
to rise. However, the lowest percentage of fat occurs later than the maximum 

















E. O. WHEeTHAM AND J. HAMMOND 329 
vield of milk. This can also be seen in White and Drakeley’s(15) analysis of 
Dairy Show records (see Fig. 3 D(1)). The fat percentage is a derivative of the 
milk yield and the fat yield, and the occurrence of the minimum fat percentage 
at a later period than the time of the maximum yield might be explained in 
the following way. The cows before calving have stores of body fat on which 
they may draw during the subsequent lactation, particularly as the yield of 
milk increases up to about the sixth week after calving, under conditions of 
good nutrition. After these fat stores are reduced the anabolism of fat in the 
cow’s body probably cannot keep pace with the demands of the mammary 
gland for it, and the fat percentage in the milk continues to fall even though 
the yield is now falling; while it is not until the yield falls still farther that 
the fat anabolism in the body supplies sufficient fat to increase the fat per- 
centage again. Experimental nutritional disturbances have been shown 
(Hammond and Hawk (16)) to cause such changes in fat percentages. 

Eckles and Shaw(17) and Campbell (0) report that there is a very sharp 
decrease in relative size of fat globule during the first few weeks, and that 
then the size remains fairly constant for 5 or 6 months, after which the decline 
is rapid to the end of the lactation. In order to reconcile the observation of 
so many workers that the size of the fat globules decreases during the course 
of a lactation with our deduction that the size of the globule is decreased by 
increase in milk yield we would suggest the following explanation. As the 
lactation proceeds the individual cells undergo a process of senile decay (more 
rapidly in old cows than in young, as evidenced by changes in the shape of 
the lactation curve (see Sanders(18)), and the declining rate of fat formation 
leads to the formation of smaller fat globules in spite of a slower rate of milk 
secretion. That is, the time taken for the globules to reach the surface of the 
cell would still be increasing, owing to the decrease in the rate of milk secretion, 
but as the rate of fat production was also lessening, the extra time taken in 
the secretion of the fat globules would not add much to their size. Un- 
fortunately further evidence for this theory cannot be obtained from the 
present material owing to the lack of cows in an advanced stage of lactation. 

When the changes in the fat: butter ratio during the lactation period are 
examined it will be seen (Table II 8) that very different results are obtained 
in different breeds. In Shorthorns (Table IV) the ratio decreases from calving 
to about 90 days afterwards: on the other hand in Jerseys (Table II B) the 
ratio increases from calving to about 180 days afterwards. That is, as lactation 
advances it requires more fat in the milk to make 1 lb. of butter in Jerseys, 
although in Shorthorns it requires less. It seems just possible that these 
differences may be an example of the two ways in which the size of the fat 
globule can be influenced. As the activity of the cell wanes with advance in 
lactation in Jerseys, where the high rate of fat synthesis (large fat globule) 
is a feature of the breed, it requires more fat in the milk to make 1 lb. of 
butter, for the particular feature of the breed (butter fat synthesis) is in- 
fluenced to greatest extent by the senility of the cell. On the other hand, as 
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the activity of the cell wanes with the advance of lactation in Shorthorns, 
where a high rate of milk secretion is the feature of the breed, it requires less 
fat in the milk to make 1 |b. of butter, for the particular feature of the breed 
(high rate of milk secretion) is influenced to greatest extent by the senility 
of the cell. 

THE EFFECT OF AGE. 

These Dairy Show records (Table II c) show the marked selection which 
is exhibited for high milkers with a good yield of fat, since there is a steady 
and notable increase in milk and fat production with advancing age. This is 
in contrast to the normal unselected lactation yield which reaches its maximum 
at about 8 years or the fifth lactation, after which it declines (Sanders (18)). 
There is a corresponding curve of fat production but a slight decrease in fat 
percentage, which, however, is hardly significant (see also Vigor (19), Gowen 20)). 
The fat percentage of the present material is normal in that it shows little 
variation with age. A slight rise in the Friesian indicates that in this breed, 
where the milk is liable to be deficient in fat percentage, selection is exhibited 
more towards good fat percentages than towards excessive milk yields ob- 
tained at the expense of fat percentage. Inspection does not reveal much 
variation in fat ; butter ratio, an apparent increase in the ratio (decrease in 
size of globule) in the old cows being of doubtful significance in view of the 
small numbers in these classes. The point is further discussed in the next 
section. 


DISCUSSION OF RESULTS. 


The physiological reasons why the yields of milk and fat vary in different 
circumstances may now be considered in further detail. The relation between 
the milk yield and the fat percentage, the fat : butter ratio, and the fat weight, 
and how they vary in different circumstances, are shown in Figs. 3, 4 and 5 
respectively. Together they form a substitute for a three-dimensional surface, 
where the variations in fat percentage, fat yield, and fat: butter ratio are 
compared with constant variations in milk yield due to the different cireum- 
stances of breed, age, lactation period. Straight lines have been fitted to 
three of the sets of observations, weighted according to the numbers in each 
class except those for curves A in Figs. 3, 4 and 5 which have not been 
weighted. It has already been noted that with increase in milk yield between 
breeds, within breeds, and during the lactation period there is a decrease in 
fat percentage, that is, in these cases there is not a corresponding increase in 
fat yield, while with increasing yield due to advancing age of the cow fat 
percentage remains constant, that is, fat yield also increases to the same 
degree (see Fig. 3). It is known (see Hammond ()) that during the later 
stages of pregnancy the mammary gland grows with an increase in the number 
of cells, but at parturition the growth of the gland ceases and milk secretion 
sets in. Since no more gland cells are formed after parturition the increase 
in yield that takes place up to about 6 weeks (see Hammond @2)) after calving 
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can only be due to a greater rate of secretion through the existing cells, and 
later, following the senility of the gland the rate of secretion slows down until 
the cow dries off. That is, variation in milk yield at the different phases of 
the lactation period is due mainly to changes in the rate of secretion from 
the gland cells and not to differences in the number of cells secreting. 

The greatest part of the increase of milk yield with age, however, is pro- 
duced in a different way. In each successive lactation up to about the fifth 
the number of cells comprising the alveoli of the mammary glands are increased, 
and in all lactations after the first the gland does not begin to grow from 
“scratch” as it does during the first, but the pregnancy growth stimulus adds 
each time to the number of cells within the gland. The extra number of cells 
added each time will depend on the feeding during the dry period: heifers, 
for example, which have been “‘steamed up” with their first calf will show 
less increase in milk yield from the first to the fifth calf than heifers which 
have been poorly fed before calving, because they will have grown more of 
their allotted number of mammary cells with their first calf than poorly fed 
heifers. 

We thus arrive at the conclusion that in normal milk production when 
the yield of milk is increased by an increase in the rate of secretion of the 
mammary cells the percentage of fat in the milk will decrease, but when the 
yield of milk is increased by increase in the number of cells secreting, the fat 
percentage in the milk will remain unchanged. 

Accepting this theory and turning to the graph showing the variation of 
fat percentage with the variation of milk yield in different circumstances we 
can judge (from Fig. 3A) how much the yields of different breeds are due to 
increases in the number of mammary cells or to increases in the rate of secre- 
tion from the cells. Those breeds which lie above the line (Jersey, Guernsey, 
South Devon, Blue Albion) give above the expected average of fat percentage 
and may therefore be supposed to produce their yield more largely by increase 
in mammary cell growth, while those breeds lying below the line (Friesian, 
Red Poll, Shorthorn, Dexter, Kerry) give milk of lower than the expected fat 
content and hence may be supposed to give their extra yield of milk more 
largely through an increase in the rate of milk secretion. It has already been 
noted (p. 323 and Fig. 1) that the Jersey and Guernsey breeds are particularly 
marked for the rapid fall in fat percentage with increasing milk yield. In 
this case, however, there is an alternative explanation of breed differences, in 
that (see p. 329) for cell increases we might substitute increase of rate of fat 
synthesis by the cells. 

When the variation in milk yield within a breed is analysed in the same 
manner (the Shorthorn breed, owing to larger numbers, has been chosen to 
illustrate both this and the two following points) it will be seen that the slope 
of the curve is not so pronounced (Fig. 3 B). That is, within the breed, both 
the factors of increased rate of milk secretion and increased mammary gland 
cell growth (or fat synthesis) are concerned, but (as can be seen by the slope 
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of the line) the latter factor is of more importance than it was in the previous 
graph (Fig. 3 A), where the different breeds were compared. With increasing 
age (Fig. 3C) the points lie almost horizontally, showing the overwhelming 
importance of mammary cell growth. The effect of period of lactation (Fig. 3 D) 
has been illustrated from the more complete Dairy Show results of White 
and Drakeley (5), while our results given alongside indicate that the same 
effects hold for the present material. The points shown for the different 
periods of lactation suggest that the factor of rate of milk secretion is mainly 
concerned in these changes. 

Herein lies the explanation that in some animals, both milk yield and fat 
percentage can be improved while in others as yield goes up the fat percentage 
goes down. The progeny tests of bulls which have been made in Denmark (23) 
and Holland (24) illustrate this fact well, and Pearl (25) and Graves (26) remark 
upon the tendency of some sires to effect an improvement or otherwise in 
milk yield in conjunction with or independently of fat yield. On our theory 
it would be effected, in case of increased milk yield and decreased fat per- 
centage, by the inheritance of an increased rate of milk secretion from the 
cells; in the case of increased milk yield and similar fat percentage to the 
inheritance of an increased number of mammary cells; and in the case of 
similar milk yield but increased fat percentage to increased fat synthesis in 
the cell (see p. 329). 

Considering now the fat: butter ratio in the light of this theory it will be 
seen that the same relationships should hold, because, if, as we have postu- 
lated, an increased rate of secretion gives smaller fat globules (and therefore 
a larger weight is required to make a pound of butter), then an increased 
number of cells should not affect this ratio. In Fig. 4 it may be seen by the 
slope of the fitted curve that here (as for fat percentage above) increased milk 
yield between breeds has more effect on the size of the globule than increase 
in milk yield within a breed. There appears, however, to be a slight effect on 
the ratio with increase of milk yield with age. Unfortunately our data are 
not adequate to prove this point definitely. A correlation between the groups 
(weighted according to the numbers in the classes) gives a correlation of 
r=0-340 which is on the border line of significance, and, as may be seen, the 
scatter of the observations from the fitted line is considerable. Collier 27), 
however, does report a distinct decrease in the size of the globule from the 
first to the second lactations and a slight decrease in successive lactations. 
If this is so then it would be evidence for the existence of an actual increase 
in the rate of milk flow (or decrease in fat synthesis) in successive lactations 
through the existing gland cells. In spite of the general validity of the theory 
outlined above and of the constancy of the fat percentage with age, it seems 
possible that this actual increase may well take place, partly through a gradual 
cessation of growth and the corresponding liberation of energy which may be 
transferred to milk secretion, with a corresponding increase in both milk yield 
and fat yield. Turners) has shown that in Guernsey cows 25 per cent. of 
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total increase in fat secretion with age is due to live-weight increase and 
75 per cent. due to udder development. In this breed of cow, with an increase 
in live weight accompanying age of 100 lb., there is an increased yield of 
77 lb. of fat per year, and in Jersey cows (a smaller breed) there is an increase 
of 104 lb. of fat per year for a body-weight increase of 100 lb. Turner points 
out that it is probable that in a small cow milk yield will be limited by the 
supply of precursors of milk in the blood (assuming adequate mammary gland 
growth), and hence milk yield will be more nearly related to body weight 
than in a large cow where mammary gland development will be the limiting 
factor. It seems possible that this may be another reason for differences in 
milk yield and milk composition between breeds averaging different body 
weights and between individual cows with a breed. 

The very close relationship (also observed by Kfizenecky 29)) between 
actual fat yield and milk yield under the conditions studied is shown in Fig. 5, 
the slope of the fitted curve being much the same for variations between 
breeds, within a breed, and with age; yet in spite of this it is clear that they 
are based on independent mechanisms which can be modified in various ways. 
Gaines and Davidson (13), studying the influence of the composition of the milk 
on the yield, conclude that milk yield is inversely proportional to the energy 
value of the solids per unit of milk, and they give a formula by which milk 
yield may be corrected for fat percentage. For comparing breeds they advise 
the use of a constant fat percentage of 4-0, which they consider to be the 
physiological normal, while for comparing cows within a breed the breed 
average of fat percentage may be used with more accuracy. The general formula 
for the “fat-corrected milk” is F.c.M.=0-4M+15F, where M and F=weight 
of milk and fat respectively. This formula compensates to some extent for 
the fat-deficient milk of high-yielding strains and for the high fat yields of 
the Channel Island breeds. Mollgaard and Lund (30) have come to very much 
the same conclusions regarding the effect of the energy composition of milk 
on the yield, and Gowen(31) also finds a high correlation (+0-916) between 
solids-not-fat and butterfat. 

While variations in feed are generally supposed to have little effect on the 
composition of milk over long periods, a ration which includes an abnormally 
large amount of certain fats is said by some to put up the fat percentage 
(Hansen (2), Allen 33)). This is, however, denied by Sheehy (4). By feeding a 
ration which was extremely deficient in fat, Bender and Maynard (35) have 
shown that there was lowering of the yield of milk (from 25 to 55 per cent.) 
and an even greater lowering of the fat yield (35-70 per cent.). 

The well-known daily variation by which the morning yield is usually 
deficient in fat percentage compared with the evening may be accounted for 
by variations in pressure in the udder (Bartlett (36)), a high pressure such as 
occurs after the long night interval inhibiting the free secretion of fat, although 
the actual yield of fat is greatest as a rule in the morning milk corresponding 
to the greatest secretion of milk. Here again is another factor which acts 
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towards lowering fat percentage in cows with a high rate of milk secretion 
but lacking in udder development. 

Abnormally high fat percentages may be produced through starvation, 
illness, or drugs such as Phloridzin which cause glycosuria or otherwise check 
milk production (Hammond and Hawk (16)). Campbell (10) reports that “injury, 
sickness, and sudden changes of condition usually produce a marked increase 
in fat globule size”. This is in accordance with our theory that a lowered milk 
yield results in a larger fat globule. The effect of change of food on size of fat 
globule is of too contradictory a nature for conclusions to be drawn (Woll (5), 
Gutzeit 37), Weigmann (7), Campbell (10). 

Fat percentage is reduced during May and June which are the months of 
rapid grass growth, for the young grass stimulates milk secretion more than 
fat secretion (Bartlett (38)). These are also the months which are reported as 
“bad” for butter-making. It seems possible that this latter result is produced, 
at any rate in part, by the extra milk flow reducing the size of globule and 
thereby increasing the fat : butter ratio. 

Thus we have found considerable evidence in support of our theory that 
the size of the fat globule is in some degree conditioned by the rate of milk 
secretion, an increased rate (which may be supposed to wash out the fat 
globules from the mammary cells more quickly than a slower) resulting in 
smaller globules; and that the variations in the size of globules may be roughly 
measured by the ratio of the amount of fat in the milk required to make a 
given weight of butter. 


SuMMARY. 


1. The ratio of the weight of fat in the milk required to make 1 lb. of 
butter has been taken to indicate the size of the fat globule in the milk, and 
so the type of “cream line” produced. 

2. The Dairy Show records have been analysed from this standpoint, and 
variations in the above ratio studied together with variations in milk yield, 
fat yield and fat percentage. The effects considered are those between breeds 
and within breeds, the latter including milk yield, period of lactation and age 
of cow. 

3. With a constant milk yield the fat percentage does vary between 
breeds, but not to the same extent as it does when no account is taken of 
the differences in average yield of the different breeds; the same applies to 
the fat : butter ratio, i.e. size of fat globule. The effect of equal increases of 
milk yield on the butter : fat ratio is much greater between breeds than it is 
within any one breed. 

4. It is suggested that the size of the fat globule is determined by two 
factors: (a) the rate of butterfat formation by the cell, which varies with 
breed and stage of lactation, and (b) the rate of milk secretion which affects 
the size of the globules by the rate at which they are washed out from the cell. 

5. Regression lines of fat yield, fat percentage, and fat: butter ratio on 
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milk yield have been plotted under different circumstances affecting milk 
yield—between breeds, within breeds, with age, and period of lactation. 

6. It is suggested that the changes in milk yield during the lactation 
period are for the most part due to changes in the rate of secretion of the 
cells, and those due to age are for the most part due to changes in the number 
of cells secreting. 

7. If this is accepted it will follow that when the yield of milk is increased 
by increased rate of secretion of the gland cell the percentage of fat in the 
milk will decrease (period of lactation), but when the yield of milk is increased 
by the number of cells secreting the fat percentage in the milk will remain 
unchanged (age). 

8. This might explain why sires can effect an improvement or otherwise 
in milk yield in conjunction with, or independently of fat yield; in other words, 
milk yield can be affected (a) by an increase in the number of cells, in which 
case fat yields are also increased although the fat percentage remains the 
same, or (b) by an increase in the rate of milk secretion in which case the fat 
percentage is reduced. 


We have much pleasure in acknowledging the considerable advice and 
assistance in statistical matters given by Dr J. Wishart, Dr H. G. Sanders 
and Mr G. B. Laurence during the course of this investigation. 
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116. FACTORS AFFECTING MILK AND 
BUTTERFAT SECRETION 


Il. THE COLOUR OF THE BUTTERFAT 


By ELIZABETH 0. WHETHAM ann JOHN HAMMOND. 
School of Agriculture, Cambridge. 


(With 1 Figure.) 


INTRODUCTION. 

From the point of view of the butter manufacturer the colour of the butterfat 
is no longer of much importance, since by the addition of annatto it can be 
coloured uniformly. Occasionally, however, trouble arises in areas where large 
numbers of cows of the Channel Island breeds are kept when the butterfat 
becomes more highly coloured naturally during the summer months than the 
public expect in the standardised product. The colour of the butterfat, 
however, has recently become of much importance to the liquid milk pro- 
ducer, for, since the bottling of milk became almost universal, the colour of 
the cream line on the bottle is one of the chief means by which the consumer 
judges the quality of the milk, and the addition of any colouring matter or 
other substance is forbidden by law. 

The judging of the quality of the milk by the colour of the cream has 
some justification physiologically, for it was first shown by Palmer and 
Kckles (1) that the plant carotinoids in the food are the source of the so-called 
animal lipochromes, and more recently it has been shown that the relation 
between carotene and vitamin A is an intimate one (Steenbock and Boutwell 2), 
Booth et al.(3); see also review in Med. Res. Coun. Rep.(4)). However, 
Steenbock et al.(5) found that although highly pigmented butters tend to 
possess a high vitamin activity the relationship was not constant and that 
the addition of cod-liver oil to the diet increased the vitamin-A activity out 
of all proportion to the colour; Golding et al. (6) showed that the vitamin-A 
content of milk during the winter could be enhanced by cod-liver oil feeding. 
Sutton and Krauss (7) found that although the depth of colour of the butterfat 
for four breeds increased in the order Ayrshire, Holstein, Jersey, Guernsey, 
yet the vitamin-A activity of the Holstein and Guernsey butterfat was much 
greater than that of the Ayrshire and Jersey. They conclude that breeds 
differ as to the amounts of coloured and colourless forms of vitamin A that 
are transferred to milk. Wilbur, Hilton and Hauge (s) have deduced the same 
from the results of Davis and Hathaway(9). It is shown by these latter 
workers that, while the milk of the four breeds noted above gave comparable 
growth responses in rats, growth response per equal fat weight was less for 
the Jersey than the Holstein. This is due to the fact that the vitamin content 
is localised in the butterfat and that the fat percentages were in the inverse 
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order to the above. The vitamin content would appear to depend on the 
method of feeding and, in so far as the feeding affects the colour under natural 
conditions, the colour would appear to be an index of the vitamin content, 
but not as between breeds or under special vitamin feeding. 

The two most important factors which affect the colour of the butterfat 
are the genetic characters of the animal and the method of feeding; the colour 
of the body fat is affected similarly. Pease (10) first showed in rabbits that 
fat colour is inherited in a Mendelian manner, white fat being dominant to 
yellow, while Castle(1) has worked out the linkages with coat colour. 
Thompson (12) has shown that, in reciprocal crosses between Guernsey and 
Holstein breeds, the influence of the Holstein bull in pulling down the colour 
seems stronger than that of the Guernsey bull in raising it, although inter- 
mediate colour values and not complete dominance of the pale colour was 
found. If this is correct it would appear that deep yellow colour in cattle is 
a multiple-factor character. While milk producers favour a deep yellow colour 
for the butterfat and therefore for the body fats, the beef producers, reflecting 
public taste, prefer a pale yellow or almost white fat; hence the frequent 
practice of keeping one or two cows of the Channel Island breeds in dual- 
purpose herds producing milk for liquid consumption. 

The present study of the effect of various factors on the colour of the 
butterfat was undertaken in the hope that the colour of the fat might serve 
as an indicator, in the same way as Sudan III (Riddle (13)), and thereby give 
some information on the mode of secretion of the milk fat. 

So far as is at present known there are no absolutely white fat breeds in 
cattle such as exist in buffaloes, goats, sheep, pigs and rabbits, although 
Golding et al.(6) found that white fat was produced when cows previously 
giving normally yellow butter were fed on a winter ration containing no plant 
pigments and consisting of oat straw, roots and meal mixture. Watson et al. (14) 
have shown that, although goat’s butter is of a chalky white colour and 
extremely deficient in carotene, the vitamin-A activity per unit weight is of 
the same order as in yellow-coloured butter from cows. It is generally recog- 
nised that the different breeds vary considerably in the amount of yellow 
colour present in their fat when plenty of green stuff is given in the ration, 
and that cows with genetically pale-coloured fat will not, however fed, give 
highly coloured butterfat. Thus in these latter cows, although there will be 
a seasonal variation in the vitamin-A content of the butter, this will not be 
reflected in equivalent changes in colour as it will be in genetically yellow fat 
animals. Here, the summer milk produced from young grass rich in carotene, 
xanthophyll and vitamin A is of a dark yellow colour, but during the winter 
months when the cattle are stall fed on a ration of hay and concentrates free 
from plant pigments, the butterfat is of a pale yellow or white colour. This 
seasonal variation in colour and vitamin content may be overcome by feeding 
artificially dried grass and to a lesser extent ordinary grass silage (Gillam 
et al. (15)). The feeding of A.I.V. fodder, a silage made by a method developed 
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in Finland, has been found to give a milk extremely rich in carotene and 
vitamin A (Watson et al.(14)). The seasonal variation has also been overcome 
by the Walker Gordon Co., U.S.A. (16), who are producing a standardised milk 
all the year round, by feeding the cows on artificially dried lucerne which 
retains both its colour and vitamin content (see also Tucker and Pfau(17)). 
It has been shown that bleaching by the sun is a most effective way of re- 
ducing the vitamin content of hay; after a week in the sun it has only 4 per 
cent. of the vitamin-A content of a sample cured in the dark (Smith and 
Briggs (18)). In hot countries during the summer months Thompson (12) states 
that paler coloured milk may be produced owing to the drying up of the 
pastures. He gives the seasonal variation calculated for four cows, using a 
milk colorimeter. These are as follows: Jan. 4-1, Feb. 4:3, Mar. 4:5, Apr. 5:1, 
May 5:5, June 5-5, July 5-1, Aug. 5-0, Sept. 5-4, Oct. 5-8, Nov. 5-6, Dec. 4-2 
(average for the year 5-0). The rise occurring in September and October is 
attributed to the flush of grass after the autumn rains. Although some of the 
colouring matter of milk is contained in the serum, the bulk of it is contained 
in the fat. 
MATERIALS AND METHODS. 

The material used was that of the Dairy Show butter tests (1923-33) 
where the milk from the individual cows is churned separately and made into 
butter. The Show takes place each year in October; the details of age, period 
of lactation, weight of butter, weight of fat, etc., are all recorded so that the 
effect of such factors can be studied from the official records(19). In addition 
to these records the cows were inspected and put into one of five classes, 
according to the amount of fat on the body, in order to determine whether 
the amount of fat on the body had any effect on the colour of the butter. 

At first the butter was matched by eye against a range of yellow shades 
of the French Chrysanthemum Growers’ scale of colours(20). Later, as this 
did not prove altogether convenient owing to the perishable nature of the 
paper on which they are printed, reproductions of the colours were made on 
celluloid strips sprayed with colour and coated with cellulose. These proved 
satisfactory, and this scale has also been used in the same way to measure 
the colour of the fat in beef carcases. A similar type of scale has also been 
used for this purpose by Steensberg(21). In the present paper the colour is 
given in terms of this celluloid scale, and the following table shows the corre- 
spondence between this and the French Chrysanthemum Growers’ scale. 





White Pale Yellow Deep Yellow 


9 10 


-~I 
Qo | 


Celluloid scale l 2 3 4 5 6 


French Chrysanthemum 
Growers’ scale: colour’) 10-1 | 10-2) 10-3 | 10-4 | 30-2) 30-3 | 30-4 | 28-2 | 28-3! 28-4 
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For those who may not have access to the French Chrysanthemum Growers’ 
scale the approximate shade of three of the colours, showing the range of the 
scale, are reproduced above. The judges of the butter at the Dairy Show 
record the colours as very good, good, pale, very pale (see (19). It is suggested 
that if such a scale as the above were substituted the result would be of more 
value in recording the progress of selection and improvement within the 
different breeds from year to year. 


BREED DIFFERENCES. 

Although it is well known that different breeds of cows vary considerably 
in the amount of yellow colour in the fat when on a diet rich in plant pigments, 
hitherto no attempt has been made to measure the mean value and variability 
of colour for each breed. 

Table I shows the mean butter colour for the different breeds entered at 
the Dairy Show arranged in order of depth of colour. These probably give an 


Table 1. Average butter colour in different breeds. 


Breed Nos. Mean colour $.D. S.E. of mean 
South Devon 75 8-33 1-60 0-185 
Guernsey 128 8-13 1-78 0-157 
Jersey 216 7-29 E-7] 0-116 
North Devon 25 6-52 1-88 0-376 
Friesian 174 5:78 1-98 0-150 
Shorthorn (all) 263 5-76 1-88 0-116 

Lincoln Red 58 6-26 1-40 0-184 
Pedigree 141 5-64 2-01 0-169 
Non-pedigree 64 5-59 1-85 0-231 
Ayrshire 180 5-22 1-89 0-141 
Dexter 44 5-11 2-08 0-314 
Red Poll 126 5-05 2-09 0-186 
Kerry 36 5:03 2-02 0-337 


approximate measure of the relative positions of the different breeds, but 
there are various circumstances which must be taken into account when 
assessing the value of the averages. Absence or scarcity of plant pigments in 
the food will produce a paler coloured butter than the genetic character of 
the animal makes possible, but on the other hand, superabundance of the 
plant pigments in the food cannot push up the colour beyond the genetic 
capabilities of the animal; hence these breed averages may not all represent 
the maximum colour depth, for no doubt many of the individuals in each 
breed have less plant pigments in the food than is required to develop the 
maximum colour genetically possible. The shapes of the variability curves 
for fat colour given in Fig. 1 illustrate this; with the Guernsey, for example, 
the maximum number of individuals in the variability curve occurs at the 
deepest shade of colour 10 and the curve is a skew one gradually sloping off 
to the paler colours, many of the animals at this end of the scale probably 
being fed on rations deficient in green pigments. In the case of a dual-purpose 
breed such as the Red Poll, however, where those who are producing beef 
require an animal with a pale yellow fat, the maximum number of animals 
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Fig. 1. Butterfat colours. Dairy Show, 1923-33. 
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occurs at the pale end of the scale(4) and the curve is skewed in the other 
direction (i.e. it slopes off to the darker yellow colours), for it is the genetic 
capabilities for forming yellow fat rather than lack of greenstuff in the feed 
which limit the colour: no cow of this breed reaches 10—the point where the 
maximum number of individuals lie in the Guernseys. 

It is conceivable that breeds which are localised in certain areas will have 
either more, or less, green food than those which are situated in other areas, 
and so will tend to have their mean point shifted in comparison with a breed 
which is well distributed throughout the country. For example, it seems 
probable from the shapes of the variability curves in Fig. 1 that the Guernsey 
(a breed of fairly general distribution) would be equal if not deeper in fat 
colour than the South Devon (a localised breed) were it kept under the same 
local conditions of lush green grass for most of the year. While the maximum 
numbers of the Guernsey occur at 10 and of the South Devon at 9, the lower 
mean of the Guernseys is caused by the larger numbers at the paler end of 
the scale, which may be caused by lack of greenstuff in the feed. 

The occurrence of bimodal variability curves such as are to be seen in the 
Friesians (Fig. 1) seems to indicate that the breeders are beginning to realise 
the importance of colour in the milk and that some are selecting for it, the 
Friesian being a breed which was formerly considered to be pale in fat colour. 
It will be noticed that in most of the dual-purpose breeds (Dexter, Shorthorn, 
Red Poll) there is also the suggestion of a bimodal curve such as might have 
been expected when some breeders were more interested in milk production 
and others in beef. When the different types of Shorthorn are considered 
separately (see Table I) the Lincoln Red Shorthorn (the breeders of which 
are particularly interested in milk) have a significantly deeper average coloured 
fat (6-26) than the pedigree Shorthorns (5-64), the difference being 0-6132 + 
0-2547. 

Palmer and Eckles (1) determined the colour in different breeds in the same 
herd; the relative difference between the Jersey and the Ayrshire, Shorthorn, 
and Holstein (i.e. Friesian) breeds were much the same as ours, although the 
relative positions of the last three breeds (which were close together) were 
reversed. Sutton and Krauss(7), working with animals in one herd, obtain 
results agreeing with ours, their order being Guernsey, Jersey, Holstein, 
Ayrshire. These authors find that pasture feeding increased the variations 
between the breeds without changing the order. Thompson (12) ranked breeds 
in the order Guernsey, Jersey, Ayrshire, Holstein. Watson et al. (14) state that 
the “ceiling value” for butter colour, that is, the depth of colour beyond 
which the colour of the fat does not rise even when an excess of fodder rich 
in carotene is fed, is, for Ayrshire cows, markedly lower than it is for 
Shorthorns. 
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THE INFLUENCE OF VARIOUS OTHER FACTORS. 

The effect of various other factors on the colour of the fat was studied in 
the hope that they would perhaps throw some light on the mode of butterfat 
production. Since the nature of the food has such a large effect on the colour, 
and since for this purpose each breed had to be considered separately, the 
probability was that when the material was subdivided again, and the numbers 
concerned were smaller, the variability due to feed would cause more noticeable 
irregularities in the results; this indeed proved to be the case. The results are 
given, however, as suggestions for possible lines of future investigation under 
experimental conditions where the feed is constant. It should, however, be 
emphasised that the changes in colour due “o these “other causes” are very 
small when compared with those due to bree i and feed. The six best repre- 
sented breeds have been investigated separately, the whole of the results then 
being put together by calculating the deviation (+ or — weighted according 
to numbers) from the mean of the breed and adding these differences for each 
age, etc.; in order to give the results as a definite colour these + or — values 
have been added to or subtracted from the average colour of all breeds. 

Differences in successive years. Table II shows that there has been a slight 
increase in colour in successive periods in the breeds best represented in 
numbers. With the Shorthorns, Ayrshires and Jerseys the difference is well 
marked and significant, but with Friesians the difference is not significant. 
It is possible that this improvement in colour is associated with the change 
from twice to three times milking which took place about the years 1925-33 


(see Table IIT). 


Table II. Variations in butter colour in different years. 
Mean colour 





ee See ean 
Years Shorthorn Ayrshire Friesian Jersey 
1923-5 5:26 4:53 5:69 7-12 
1928-30 5°82 17 5-44 6-86 
1931-3 6-26 53°89 6-12 7:84 


Table ILI. Numbers milked two or three times and average 
; butter colour each year. 

















Shorthorn Ayrshire Friesian Jersey 
SNe ne ee  nE—EeE Se - —, ~ = 
Nos. milked Nos. milked Nos. milked Nos. milked 
——— Ls C een ——, 
Three Mean Three Mean Three Mean Three Mean 
Year Twice times colour Twice times colour Twice times colour Twice times colour 
1923 43 0 5-2 16 0 3-6 13 0 5-4 25 0 71 
1924 26 0 5-0 15 0 4:8 23 0 51 32 0 7-2 
1925 25 0 5:2 al 0 5:2 19 3 6-8 24 0 7-2 
— 0 26 — 2 21 — Be 3 


1926 16 10 


= | 


1928 16 8 60 2 23 56 0 19 59 15 7 6 
1929 19 ll 53 0 18 38 0 14 48 11 ll 63 
1930 13 1663 0 21 58 0 19 «BS 16 6 76 
1931 5 29 64 0 2 2 0 16 56 6 12 83 
1932 2 25 «456 0 21 59 0 2 62 2] 6 83 
1933 0 24 64 0 12-53 0 23064 0 24. («70 


1926, no records taken. 1927, no Dairy Show. 
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Twice and thrice milking. The cows milked three times a day gave a slightly 
darker yellow butter than those which were milked twice a day (see Table IV). 
The difference is significant in Shorthorns and Ayrshires, but is not significant 
in Jerseys and Friesians. A possible explanation of this fact is that with three 
times a day milking a larger yield of milk is obtained, and that this in turn 
affects the colour of the fat (see below). 

Age. With increase in age in the different breeds (Table V) there appears 
to be a slight increase in the shade of yellow when the breeds represented in 
greatest numbers are averaged. It was shown in a previous paper (Whetham 


Table IV. Butter colour on twice and three times milking. 
horthorns: Tw ice milking, mean 4 Diff. 0-81 0-226 
Thrice milking, mean =6-22 


Ayrshires: Twice milking, mean =4-69) . on cue 
. That “WO ~ oof Diff. 1-23 +0:227 
Thrice milking, mean =5-92 } 


Friesians: Twice milking, mean =5:53 Diff. 0-28 0-338 
Thrice milking, mean =5-81 


apeeY.: Tiwire Wki . —7-95 
Jerseys: Tw ice milking, mean =7 25) Dit, 0-14 -+0-249 
Thrice milking, mean =7-39 


Table V. Colour variations at different ages. 








Years 
Breed ; : 

mean 2 3 4 5 6 7 8 9 

Shorthorn Nos. 224 17 20 33 52 37 30 21 14 
Colour 58 4:5 5-6 5d 5-8 59 5-4 6-1 6-4 

Ayrshire Nos. 168 55 20 10 25 16 16 18 9 
Colour 5:2 4-5 5-2 6-5 5-4 4:5 6-1 5:8 6-0 

Friesian Nos. 151 7 22 25 30 20 17 20 10 
Colour 58 6-0 5-7 6-4 5-6 55 5:5 5-1 6-4 

Jersey Nos. 189 42 29 43 19 24 18 14 -- 

Colour 7:3 71 7-2 7-4 8-0 75 7:3 6-9 — 

Guernsey Nos. 107 7 18 29 13 7 7 6 10 
Colour 8:1 77 8-7 7-6 7-9 8-1 8-0 9-0 8-9 

Red Poll Nos. 108 12 21 28 15 20 12 — — 

Colour 5-1 5-2 4:7 54 58 5-4 5-2 = — 

* Average, Nos. 947 150 131 168 154 124 99 79 43 
all breeds Colour 6-2 5-7 6-2 6:3 6-4 6-2 6:2 6:3 7-0 


* Calculated from +breed means. 


and Hammond @2)) that, owing to selection, the yields of cows exhibited at 
the Dairy Show increase with age up to 9 years, and it seems possible that 
this effect is also caused by increased yields. Thompson (12) states that milk 
colour remains constant in successive lactations provided conditions are 
uniform. Our figures suggest, however, that the colour increases slightly up 
to about 5 years old and then remains fairly constant. 

Milk yield. As the milk yield increases there is a slight rise in the shade 
of the colour of the butter (see Table VI). As a possible explanation of this 
it is suggested that the increase in colour with increased yield may be caused 
by difference in the intake of food substances associated with the different 
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yields, for it has been shown previously (Whetham and Hammond @2)) that 
within a breed milk yield increases at a greater rate than butterfat production, 
so that a given quantity of colouring matter in the food would be distributed 
in a smaller quantity of butterfat and so would give rise to an increase in 
butter colour as the yield of milk increased. 


Shorthorn 
Ayrshire 
Friesian 
Jersey 
Guernsey 


Red Poll 


* Average, 
all breeds 


Shorthorn 
Ayrshire 
Friesian 
Jersey 
Guernsey 


Red Poll 
* Average, 
all breeds 


Table VI. Colour variations at different milk yields. 


Nos. 
Colour 


Nos. 


Colour 


Nos. 
Colour 
Nos. 
Colour 
Nos. 
Colour 
Nos. 
Colour 
Nos. 


Colour 


Breed 
mean 
238 
58 
168 
5-2 
151 
58 
192 
73 
108 
8-1 
109 
dl 
966 
6-2 


14 


5: 


90 
58 


176 
6-0 


Milk Ib. 
40- 50- 
61 64 
58 5:3 
42 35 
4:8 5:3 
27 29 
0 6:3 
56 13 
7:8 7:8 
27 13 
76 9-0 
25 33 
B20 48 
238 187 
6-1 6:3 


* Calculated from + breed means. 


60- 
46 
6-0 
43 
Bd 
41 
59 
9 
8-0 
21 
6-4 
160 
6-6 


70- 80-— 


22 7 
6-5 a6 
bo 
a6 5:8 
3123 
57 53 
6 _ 
so 
744 
65 62 


Table VII. Colour variations during the lactation period. 


I 

1 
Nos. 
Colour 
Nos. 
Colour 
Nos. 
Colour 
Nos. 
Colour 
Nos. 
Colour 
Nos. 
Colour 


Nos. 
Colour 


3reed : 
nean 14- 
238 9] 
58 6-0 
168 Ua 
5:2 55 
151 59 
5:8 6-0 
192 6 
7:3 6-2 
108 13 
8-1 8-6 
109 23 
51 4-9 
966 269 
6-2 6-4 


30 

94 
a8 

80 
5-0 


oro 


te 


s 
ee eS 


350 
6-1 


60- 


101 
6-0 


Days in milk 


90 


14 14 
4:7 4-7 
8 4 
5-4 6-2 

27 35 
7-2 7-2 
14 11 
7:8 8-2 
3 4 
6-0 4-7 

66 70 
59 5-9 


* Calculated from + breed means. 


45 


39 
8-0 
7 
8-4 
6 
4-0 

61 

6-4 





The lactation period. The changes in colour which occur during the lacta- 
tion period are shown in Table VII. Although they are small they seem to 
suggest that the colour from calving to about 120 days becomes paler and 
then begins to deepen again. The greatest drop in colour occurs in the early 
stages of the lactation period during the first 30 days the cow is in milk. 
This confirms the observations of Palmer and Eckles(1), who found a marked 
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reduction in the depth of colour in the milk of individual cows from the second 
to the twenty-sixth day after calving. This drop in colour corresponds with 
a marked fall in the vitamin-A content; Dann (23), for example, found that 
the carotene content of colostrum may be as much as 70 times that of ordinary 
milk, while the vitamin-A content may be up to 100 times greater than the 
later milk. The drop in colour during the early stages of lactation occurs at 
a time when the demands of the mammary gland on the nutrition of the 
animal are large, and when calls upon the body reserves might be expected. 
During this time, 7.e. from calving to 120 days afterwards, the fat percentage 
in the milk falls. That the drawing on body-fat reserves would tend to lower 
the colour of the butterfat is suggested by Hirzel’s@4) work on rabbits, for 
when body fat, which is of similar colour to butterfat, is withdrawn from the 
cells in conditions of under-nutrition, much of the carotene remains behind 
in the fat cells of the body and increases the intensity of their colour. The 
same thing is observed in the corpus luteum of the cow where the luteal 
pigments (carotene) found in the deposits of fat and lipoids during the develop- 
ment of the corpus luteum are concentrated in the cells as it degenerates and 
the fats are withdrawn, causing a colour change from pale yellow to deep 
yellow and eventually often to orange (Hammond (25)). Steensberg (21) noticed 
that the carcase fat of cattle increases in colour with age, which could be 
explained if some of the carotene was retained in the cell when fat was with- 
drawn from it. Palmer and Eckles (1) believed, however, that the yellow colour 
of the body fat could be transported to the butterfat, because with lack of 
pigments in the food there was always a little carotene in the butterfat. 
A comparison may be noted here with a phenomenon observed in hens, 
where yellow-skinned birds after heavy laying lose their yellow colouring and 
become paler in the shanks, etc. (Blakeslee and Warner (26), and Palmer and 
Kempster 27)). Thompson (12) also believes that if there is any relation between 
the skin secretions in cattle and the butter colour (which many breeders 
suppose) it is an inverse one, as in the laying hen. In this connection an 
interesting observation was made by Guilbert and Hart 8s) who present 
evidence to show that the carotene in the adipose tissue may be withdrawn 
during long periods of vitamin-A privation without coincident withdrawal of 
the depot fat. That body fat is not as efficient a means of supplying the butter- 
fat colour as the food is shown in an experiment by Palmer and Eckles(1), 
where they found that the yellow units in butterfat dropped from 46 to 6 
within a period of 12 days when a Jersey cow previously fed alfalfa hay was 
deprived of it. They also fed two Jersey cows on wheat straw for 60 days until 
the animals had lost much of their body fat, and then fed one with green 
alfalfa hay and the other with a ration deficient in pigments. It was found 
on killing the animals that the carcase and kidney fats were of much the 
same colour in both animals, although the omentum (caul) fat was much paler 
in the cow fed on substances lacking colour. This they suggest showed which 
fats are drawn upon first during starvation and which are laid on first during 
23-2 
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fattening (caul fat); but the fact that the kidney and carcase fats were of 
much the same (dark yellow) colour in each animal seems also to suggest that 
the colour of the carcase fat is not withdrawn from the cells as fast as the fat 
itself when the latter is utilised by the animal for maintenance. If animals 
after calving are fed on a higher production level than is justified by their 
actual yields, milk production may be increased up to about 50 days from 
calving, after which time the ration may be dropped to one based on their actual 
yield; in such animals the drain on the body fats will be lessened. If, therefore, 
body fats do not provide as much colouring matter as normal food fats, the 
butterfat in those animals drawing on body-fat reserves would become paler 
in colour until the time when the yield dropped to such a level that the food 
intake could supply all the energy necessary. From our figures (Table VII) 
it would appear that the time when the rise in colour occurs is about 150 days 
after calving, although naturally in practice it would vary greatly with the 
individual cow and the type of rations supplied. From these Dairy Show 
figures it is difficult to draw conclusions as to changes towards the end of the 
lactation for, except in the Jersey and Guernsey breeds, the cows are rarely 
entered in an advanced stage of lactation. In Guernseys Thompson (12) finds 
that the deepest colour of all occurs in the milk just before the cow is being 
dried off. 

Other factors. Some other factors were also investigated, but, as little or 
no effect was found, the tables showing the details are not given here. Actual 
butter weight did not appear to influence the colour in any uniform way, 
although there was a slight indication that very high butter yields of 23-3 lb. 
per day were of a rather deeper colour than the average of the breed con- 
cerned. Since, according to Gaines and Davidson 9) and Nils Hansson (30), 
very large butter yields would not be produced unless the energy intake was 
adequate, there may be some reason for this. Thompson (12), however, found 
no relation between butter weight and colour of the milk. 

No apparent effect on the colour of the butter was produced by changes 
in the milk : butter ratio. Unlike the butter, the colour of the milk is, however, 
increased by a higher concentration of butterfat up to a certain limit (Yapp 
and Kuhlman (31). This was also found to be the case by Tucker and Pfau (17), 
who obtained consistently higher colour readings in the evening milk than 
in the morning milk of the same cows, corresponding to the differences in fat 
percentage. As we obtained no effect on the colour of the butter due to the 
milk : butter ratio, we would suggest that this result of Tucker and Pfau’s is 
due to the greater concentration of fat in the milk (7.e. high fat percentage) 
and not to any changes in the colour of the butterfat itself. Doan (32) supposes 
that there is a relation between the size of the fat globule and the milk colour: 
this again we would suggest is possibly because of the higher percentage of 
fat in the milk which is frequently associated with large-sized globules, for 
the order of the butter (as distinct from milk) colour in the different breeds 
given above does not coincide with the order of the breeds according to the 
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weight of fat in the milk required to make 1 lb. of butter, which we take to 
be a measure of the fat-globule size (see (22)). 

There was also no effect on the colour of the butter produced by butter 
quality (7.e. consistency) as estimated by the judges. The condition of the cow 
(fat or lean) as judged by one of us also appeared to have no effect, although 
perhaps it might have done so had it been possible to ascertain whether the 
cow was taking fat off her body or putting it on at the time the observations 
were made. Thompson (12) states that abnormally deep-colour readings are 
generally associated with some physiological disturbances such as high fever 
or a heat period. 

SUMMARY. 


1. The colours of the butter for individual cows at the London Dairy Show 
have been measured on a colour scale of yellow shades on cellulose strips, 
and the results analysed statistically. 

2. The mean values and variability curves of the ranges of butter colour 
in the different breeds of dairy cattle are given. Circumstances which may 
affect these values are indicated. 

3. The two most important factors affecting butter colour are the genetic 
character of the cow and the method of feeding. 

4. A slight increase in the shade of colour was found to occur under most 
of the various conditions which give rise to increased milk yield. It is sug- 
gested that this may be due to the greater intake of colouring matter (asso- 
ciated with the greater food intake) in proportion to butterfat produced, since 
increase in yield is usually associated with decrease in fat percentage. 

5. The colour is high in the first few weeks of lactation and falls gradually 
as more fat is required from the body in addition to that from the food. After 
about 180 days the colour rises again as the butter yield falls and more of the 
fat is supplied by the food intake. It is suggested that butterfat derived from 
body fat will be paler than that from food fat, when the latter is sufficiently 
provided with plant pigments, because when fat is withdrawn from the body 
cells the pigment is partially retained and becomes concentrated in them. 
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117. AN UNUSUAL VARIATION IN THE BUTTER- 
FAT CONTENT OF MILK 


By K. HARTLEY anp D. W. H. BAKER. 
Agricultural Department, Nigeria. 


Ir is generally the case that when cows are milked twice a day; the daytime 
interval between milkings is shorter than the night interval, and the milk 
obtained in the evening is less in quantity but richer in fat than that of the 
morning. As a result of four years’ monthly analyses of the milk produced 
by cows on the Government Farm at Samaru, Zaria, it has become clear that 
this relationship does not invariably hold good. During the dry season it has 
been found that, as is usual, the evening butterfat contents are the higher, 
but during the rainy season it is the morning butterfats which are the higher. 
This change is not accompanied by a comparable change in the relative 
quantities of milk produced at each milking, although the shorter hours of 
daylight may make the daytime interval between milkings about an hour 
shorter in the middle of the dry season than it is for the rest of the 
year. 

A summary of the present state of knowledge with respect to variations 
in the composition of milk is given in the Ministry of Agriculture’s Bulletin 
on the subject (1). This paper reports work on a number of factors, such as indi- 
viduality, breed, age and period of lactation, which can effect a general change 
in the butterfat content. None of these, however, influences the normal effect 
of the interval between milkings, the higher butterfat content invariably 
following the shorter interval with the smaller quantity of milk. We have been 
unable to find much reference to observations in tropical countries, but Dave 
and others(2) working at Bangalore state definitely that the evening milk is 
richer in fat and smaller in quantity than the morning milk. 

It may therefore be of interest to describe the conditions under which our 
observations have been made. 


CLIMATE. 


Zaria is about 600 miles from the coast and about 2000 ft. above sea-level. 
It has very well-marked seasons. The rains begin in April or May and finish 
in September or October. During a considerable proportion of the dry season 
a very dry and sometimes cold wind blows from the north-east and reduces 
the atmospheric humidity to a very low figure. Table I shows the dis- 
tribution of rainfall, the average maximum and minimum temperatures and 
humidity. 
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During December to March the dryness makes the weather feel very much 
colder from dusk to dawn than the temperatures would suggest. Presumably 
the cattle suffer similar feelings in this respect to human beings. 


Table I. Samaru meteorological data: mean of five years, 1929-33. 


Relative Average Average 
Rainfall humidity maximum minimum 
Month in. at 3 p.m. temperature temperature 

Jan. — 17 89-5 56-7 
Feb. 0-08 14 94-1 62-6 
Mar. 0-10 16 100-1 66-2 
Apr. 1-48 30 99-9 70-2 
May 5-62 48 93-3 70-1 
June 7-60 58 87-9 67:3 
July 9-89 65 84-4 66-9 
Aug. 12-20 68 83-5 66-3 
Sept. 8-03 62 86-6 66-7 
Oct. 0-61 43 89-8 64:3 
Nov. 0-04 24 93-2 60-5 
Dec. _— 15 90-7 55-9 


Mean total rainfall 1929-33: 48-25 in. 


THE CATTLE. 

Until 1933 the milking stock consisted of a mixed herd of between twenty 
and thirty cows of two breeds known locally as White Filani and Shuwa, the 
latter predominating. This herd had been maintained since 1927. In September 
1933 there was a rearrangement of cattle between the Department’s farms, 
which resulted in the White Filani cattle leaving Samaru and being replaced 
by a larger number of the Shuwa breed. This increased the herd to about 
sixty cows. 

Both breeds are of the Zebu type. The White Filani, owned almost ex- 
clusively by nomadic Filani, inhabit the central pastoral belt of the northern 
provinces of Nigeria, in which Zaria is situated. They are of rangy type, usually 
white in colour, have well-developed horns, and weigh about 680 1b. The 
Shuwas are owned by Arabs inhabiting the fringes of Lake Chad, where the 
rainfall is lower. These animals are typically red in colour and are somewhat 
lighter in the bone than the White Filani. Their horns are not as strongly 
developed and are sometimes only loosely attached to the skull. Cattle of 
both breeds require and receive even under nomadic conditions quantities of 
native cattle salt. Almost certainly neither breed is indigenous to the country, 
and one authority (3) suggests their introduction from Mediterranean Africa. 

When kept by the nomadic native they mature only slowly. Heifers calve 
at about 4 years and 4 months, and bulls mature at about the same age. 
Both in this respect and in respect of milk yields and service periods it is 
evident that improvement is being brought about by the better conditions 
of housing and feeding which they enjoy at Samaru and other Government 
Farms. The average service period of the Shuwa cows bought in 1927 has 
been reduced from 140 days in 1927-8 to approximately half that figure in 


1933. 
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The average milk yields and lactation periods of the herd have been as 
follows: 1928: 1316 Ib. in 225 days. 
1929: 1606 lb. in 237 days. 
1930: 1124 lb. in 212 days. 
1931: 1644 lb. in 237 days. 
1932: 2003 Ib. in 254 days. 
The reduction in 1930 was due to outbreaks of streptothricosis, a disease 
which has since been kept under control. The cattle added to the herd in 1933 


had only been purchased from natives in 1931 and were inferior yielders to 
the older stock. They produced an average of 1678 lb. in 229 days in that year. 


MANAGEMENT OF CATTLE. 


The cows are penned overnight in roofed pens. The walls of the pens 
consist of open fencing except on the side from which the prevailing wind of 
the dry season comes. On that side there is a mud wall about 5 ft. high. 
The cows are let out into adjacent paddocks at 6.30 a.m. Milking starts then 
and the cows remain in the paddocks, except when they are being milked, 
until about 9a.m. Each cow is given her ration of concentrates while she is 
being milked. 

About 9 a.m. they are taken out to graze and spend the day grazing until 
they are brought into the paddocks again at about 4.15 p.m. for the second 
milking. Each cow gets a further concentrate ration as she is milked. They 
remain in the paddock until dusk—from 6 to 7 p.m.—and are then penned 
for the night. 

During the rainy season they are given no rough fodders at all and rely 
entirely on grazing for this part of their food. During the dry season they 
receive in addition to such grazing as remains, hay, silage or sweet potato tops 
in the paddocks and hay in the pens at night. The concentrate ration depends 
also on the season. It is based on a mixture of cotton seed, guinea corn 
(a local millet) and guinea-corn bran in the proportions of 4:1:1. In the 
early part of the rains when the grazing is at its best each animal receives 
24 lb. of this mixture. Later the ration is increased to 33 lb., and during the 
dry season it is further increased to 6 lb. 

The cattle are driven to water twice a day, on their way to and from 
grazing. Only in the dry season are they provided with water in the pens. 
At other times of the year it is not touched even if it is supplied. 


GRAZING AND FODDERS. 


The natural vegetation can be described as orchard bush, some large trees, 
plenty of small ones and grass everywhere. Most of the grass does not afford 
good-quality grazing. It grows up rapidly as soon as the rains start and is 
reasonably good only so long as it remains small, but growth is rapid and it 
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becomes tough and fibrous by August. Areas which are comparatively closely 
grazed or plots which are regularly cut can be kept in reasonable condition 
throughout the rains, but feeding on such areas is not practicable at present 
and most of the grazing has to be in the “ bush” on grass which has developed 
unchecked. Some analyses of grass from this district have already been 
published by Anderson (4) and show the effect of grazing. Analyses of one of 
the more common and palatable grasses (Andropogon gayanus) at different 
times of year are given in Table II. 


Table I. 


May 15 Aug. | Oct. 1 Feb. 1 
Percentages in the dry matter of: 
Total ash 19-3 12-1 8-0 15:8 
Crude protein 9-9 9 2-6 7:8 
Crude fibre 26-4 41:3 4]-2 25:5 


The analysis for February 1 represents a new growth of grass which occurs 
without rain after the dead growth of the previous year has withered or been 
burnt away. This new growth is small in bulk but appears to be a valuable 
addition to the diet. 

The analyses of a few typical fodders which are fed during the dry season 
are given in Table III. The grass hay is of poor quality, as it cannot be made 
in sufficient quantity until the rains have almost finished in October, when 
there is little grass left which is not over-mature. 


Table III. 


Grass Grass Ground-nut Mucuna Sweet potato 
hay silage hay hay tops 
Percentages in dry matter of: 

Total ash 7:93 11-77 10-82 7-21 9-40 
Crude protein 4-16 4:35 8-70 10-88 9-62 
Crude fibre 38°85 35-44 31-89 36-00 32-30 
Ether extract 1-29 2-16 1:25 1-56 2-18 
Soluble carbohydrate 47-77 46-28 47-34 44:35 46-50 


BUTTERFAT DETERMINATIONS. 

Since August 1930 the milk of each cow has been sampled on three con- 
secutive days in the last week of each month and the butterfat has been 
determined by the usual Gerber method. The monthly averages for the herd 
for morning and evening milk obtained from these figures are shown in 
Table IV together with the average daily production of milk per cow during 
the testing week. Two abrupt breaks in the numbers of cows dealt with will 
be seen in the table. The first, in August 1933, corresponds with the increase 
in the herd already referred to, and the second, in July 1934, represents the 
date on which it was decided that the number of samples to be analysed each 
month was becoming excessive. From that month onwards only cows giving 
more than 49 1b. per week—approximately the herd average—have been 


tested. 
It will be seen from Table IV that there is a consistent change-over from 
higher morning to higher evening butterfats in September, October or 
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November and a similar change back in March, April or May. Neither the 
dilution of the herd with a number of comparatively poor yielders in 1933 
nor the selection of the better yielders in 1934 had any influence on the 


Table IV. Samaru milking herd. Milk yields and butterfat percentages. 








Average Average yield of milk 
butterfat Higher per cow (Ib.) 
No.of — Kenn fat ——$__<~——_— — p.m. as % 

Month cows a.m. p.m. % a.m. p.m. Daily of a.m. 
1930 Sept. 9 4-4 57 p.m. 4-4 3-1 75 70-5 
Oct. 1] 4-6 6-2 p.m. 4-] 3-0 7-0 725 
Nov. 13 4:7 6-4 p.m. 4:8 3-5 8:3 72-5 
Dec. 13 55 6-7 p.m. 3-9 2-7 6-6 70-0 
1931 Jan. 12 55 6-4 p.m. 3:8 2-7 6-5 69-5 
Feb. 11 4-6 5-5 p-m. 5:3 3-6 8-9 69-5 
Mar. il 6-1 5-6 a.m. 3-6 2-5 6-1 68-5 
Apr. 13 5-6 55 a.m. 3-4 2-2 5-6 64-5 
May 12 6-1 55 a.m. 4-0 2-9 6-9 715 
June 10 6-1 6-1 — 4-0 3-2 7-2 79-5 
July 10 71 6-4 a.m. 3:8 3-0 6-8 77-0 
Aug. 10 7-0 6:1 a.m. 3-6 2-6 6-2 72-5 
Sept. 10 6-4 5-6 a.m. 3:8 2-6 6-4 67:5 
Oct. 9 59 6-0 p.m. 4-6 3:3 79 71-5 
Nov. 10 5-0 5:3 p-m. 6-0 4-3 10-3 72:5 
Dec. 11 5-1 6-1 p.m. 5-4 3-6 9-0 66-0 
1932 Jan. 12 5-4 6:7 p.m. 4:3 3-0 7:3 70-5 
Feb. 12 5:3 5-9 p.m. 4:3 3-0 7:3 68-5 
Mar. 12 54 5-1 a.m. 3-2 2:3 55 71-5 
Apr. 12 5-1 5-7 p.m. 3-4 2-5 5-9 74-5 
May 12 6-2 5-9 a.m. 4-4 3-4 78 76-5 
June 12 6:8 5:5 a.m. 4-2 3-1 73 73-0 
July 12 6-8 6-1 a.m. 3°6 2-6 6-2 73-0 
Aug. 12 65 6-4 a.m. 3:3 2-6 5-9 78-0 
Sept. 14 71 5-7 a.m. 4-0 2-7 6-7 67-5 
Oct. 14 7-2 6:3 a.m. 4-1 2:8 6-9 69-5 
Nov. 12 6-3 6-8 p.m. 4-6 3°3 7-9 71-5 
Dec. 11 4-6 5-2 p.m. 4-8 3:3 8-1 68-0 
1933 Jan. 11 58 63 p-m. 5-7 4-0 9-7 70-5 
Feb. 14 6-0 6-9 p-m. 5:3 3-6 8-9 69-0 
Mar. 16 5-9 6-2 p-m. 4-6 3-2 7-8 68-5 
Apr. 20 5-9 6-8 p.m. 4:5 3:1 76 69-5 
May 22 6-9 6-5 a.m. 4-0 3:3 7:3 81-5 
June 20 7-2 6-6 a.m. 4-1 3-7 7:8 91-0 
July 17 6:8 6:3 a.m. 4-1 3:7 7:8 90-0 
Aug. 9 6-7 6:3 a.m. 5:5 4-9 10-4 89-0 
Sept. 28 6:8 6-0 a.m. 35 2-9 6-4 84-7 
Oct. 30 6-4 6-2 a.m. 3°9 2-9 6:8 76-2 
Nov. 35 6-0 6-2 p.m. 4-1 3-4 7-5 82-5 
Dec. 38 6:3 6-9 p-m. 3:6 2-8 6-4 77:8 
1934 Jan. 38 6-2 6:5 p.m. 3:6 2-9 6-5 78:5 
Feb. 40 6-1 6-7 p-m. 31 2-5 5-6 81-8 
Mar. 32 6-5 6-4 a.m. 2-8 2-2 5-0 78-0 
Apr. 36 6-1 6-4 p-m. 3:5 2-9 6-6 82-8 
May 32 6-5 6-1 a.m. 3°6 31 6-9 88-3 
June 37 7-2 5-7 a.m. 3-9 3:3 7-2 84-9 
July 18 5:8 55 a.m. 5-2 4-4 9-6 83-0 
Aug. 19 6-6 6-0 a.m. 4-2 3-5 V7 84-7 
Sept. 19 6-3 5-5 a.m. 5-0 4-0 9-0 80-0 
Oct. 32 5:7 7-1 p.m. 5-2 4-0 9-2 77-0 
Nov. 34 4-9 7-0 p.m. 6-0 4-5 10-5 75-0 


change-over phenomenon. This was also uninfluenced by the lengthening by 
1 hour of the daytime interval between the milkings in May 1933, although 
the proportion of milk at the evening milking increased considerably. 
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Table V shows the monthly means for six animals which have been in the 
herd for most or all of the period under consideration. It represents twenty-one 
separate lactations starting at various times of the year. The last column 


1930 


1931 


1932 


1933 


1934 
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indicates whether the herd average for butterfat is higher in the morning or 
the evening. Although there are some divergencies from this average, espe- 
cially at the change-over periods, the figures for the individual cows keep very 
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close to it. The stage of the lactation and the age of the cow appear to have 
no influence. 

The change in behaviour is therefore to be attributed directly to the large 
climatic difference between the two seasons or to the feeding changes which 
are consequent on the seasonal change. The experiments to be described below 
suggest that the direct climatic effect is dominant and cannot be appreciably 
modified by feeding changes. 


DRY SEASON EXPERIMENTS, 1934. 

From July 1934 morning and evening determinations from Monday to 
Saturday each week were made on the milk of one or two cows. The weekly 
averages of these determinations between September and December are shown 
in Table VI. The change-over is striking and can be seen almost to a day from 
the detailed figures for the critical period (Table VII). The change-over occurs 


Table VI. Weekly averages of daily determinations of butterfat. 


Butterfat percentage 


























Dauduye Bale 
t A y irae A _— 

Date a.m. p.m. a.m. p.m. 

Sept. 2 7:8 6-5 5-5 5-1 

9 75 6-7 58 4:3 

16 8-2 6-5 53 3:8 

23 7-4 6-8 5-7 51 

30 75 6-7 5:8 4-1 

Oct. 7 6-7 6-2 53 5-2 

14 6-9 6-6 5-6 5-4 

21 7-4 7:3 5-0 5-3 

28 vis 7-2 5-8 4-] 

Nov. 4 66 1 | 43 5:8 

11 6-7 9-1 4:8 6-3 

18 77 9-6 4-9 6-1 

25 7-6 8-4 4-9 5-4 

Dec. 1 79 8:3 4-9 5-6 

8 7-4 8-3 4-7 6-1 

16 6:3 9-] 5-8 6-2 

23 6-9 8-9 5:3 6-5 

30 8-3 8-9 5D 71 

Table VII. 
Butterfat 
j A : Relative 

Dauduye Bale humidity Temperatures 
r ; C ‘ \ 2 sy | a Kam, 
Date a.m. p.m. a.m. p.m. 9am. 3 p.m. Max. Min. 
Oct. 24 7:7 6-9 5-1 3-0 82 47 85-5 66-5 
25 6-6 9-2 7-0 3-4 76 63 89-0 67-5 
26 8-2 7-2 5:3 4-8 81 55 88-9 65-5 
27 8-3 5-2 7-0 4-7 88 47 87-3 68-0 
28 —— —- — _— 78 45 90-3 63-6 
29 2-2 5:9 55 4-0 76 53 90-4 65:5 
30 11-2 13-2 49 6-2 86 38 87-3 64-0 
31 8-1 8-9 4°] 6-1 78 28 89-1 64-0 
Nov. 1 75 9-1 4-5 6-7 49 25 90-3 58-8 
2 6-8 9-4 5-4 5-6 91 21 91-5 58-2 
3 3-5 6-5 4:3 5-2 78 26 91-2 66-0 
4 — — — —- 31 44 91-2 54-2 
5 9-0 15-0 4-4 75 38 21 91-2 56-0 
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fairly definitely between October 29 and 30. It appears to correspond with 
the fall in daytime humidity, which is completed by the 31st. It so happens 
that the monthly herd testing started on the 30th, and of thirty-two cows 
tested that day, all but three gave higher evening than morning butterfat 


contents. 

Dry-season feeding in the form of the supply of green sweet potato tops 
in the paddocks in the mornings commenced on October 26. Prior to the 24th 
cattle showed no interest in fodders offered to them in the paddock, but from 
that date they began to take them, so sweet potato tops were supplied subse- 
quently at the rate of 10 lb. per head per day. This feeding change also 
coincides more or less with the change in butterfat content, although the 
effect is rather long delayed. 

Further experiments support the idea of a direct climatic effect. From 
November 8 to 26 the cow Dauduye was not allowed to graze with the general 
herd, but was given a small amount of exercise each day and a supply of 
sweet potato tops in the paddock all day. This gave feeding conditions more 
like those of the rainy season—plenty of succulent food without much walking 
for it. This treatment was without effect on the butterfat relations of the 
morning and evening milk, so from the 27th this cow was allowed to graze 
with the others, but received hay instead of sweet potato tops, so that it 
went to the other extreme and had no succulent food at all. The second change 
of diet temporarily reduced the milk yield, but again had no effect on the 
butterfat content. Half-weekly averages for these figures are given in 


Table VIII. 
Table VIII. Cow: Dauduye. 


Butterfat percentages 





Dates a.m, p.m. Treatment 
Nov. l- 3 59 8:3 Grazing all day, sweet potato tops 
5-7 7-0 10:3 in the paddock 10 Ib. per day 
8-10 6-5 8-9 No grazing, sweet potato tops in 
12-14 7:3 11-7 paddock 
15-17 8-1 8-6 
19-21 7:3 8-1 
22-24 79 8-7 
26-28 8-0 8-4 Grazing all day, but grass hay 
29-Dec. | 6-8 8-2 instead of potato tops 
Dec. 3- 5 6-4 8:3 
6- & 7:3 8-6 
10-12 8-0 9-2 
13-15 V2 9-1 


The smaller differences between the morning and evening percentages 
from November 15 to 28 are not to be attributed to the diet, as similar small 


differences were found in that period with the control cow: 


Differences between morning and evening butterfat percentages. 


Period ending 14th 17th 21st 24th 28th Ist 
Dauduye 4-4 0-5 0-8 0-8 0-4 1-4 
Bale (control) 1-5 0-8 0-5 0-5 1-3 0-1 











K. HarTLEY AND D. W. H. BAKER 361 


By the end of November there was sufficient aftermath on areas from 
which grass had been cut for hay or bedding to provide grazing for a small 
number of cows. After the November monthly testing, three cows which had 
given average yields and consistent tests were put on to treatment as nearly 
as possible identical with that experienced in the wet season, 7.e. they were 
allowed no access to fodders or water in the paddock or pens, but grazed over 
a small area of comparatively good grass all day. Only the concentrate ration 
was maintained at the dry-season level. Daily butterfat testing was started 
2 days after the start of the new treatment and was continued for a fortnight. 
This feeding caused a small adverse effect on milk yield in one cow out of the 
three, but had no effect on the butterfat figures as shown in Table IX. 


Table IX. 


Butterfat percentages 





Mowaye 47 Hobaye 56 Kure 73 
| ed ee ~ C a ee ee \ 
Dates a.m, p-m. a.m. p.m, a.m. p-m. Treatment 
Nov. 28-30 55 6-5 5-0 6:3 5-4 6-3 Normal dry season 
Dec. 4-5 53 7:8 5:6 5:3 55 71 Grazed on good grass. 
6- 8 86-2 8-4 4:7 6-6 5-8 7:2 No fodders in paddocks 
10-12 76 8-3 6-1 6-2 56 6°3 
13-15 4-6 77 a3 6-2 6-6 6-6 
17-19 6-4 6-7 4:8 6-1 6-7 6-5 Back to normal treat- 
17-19 6-1 71 5-2 5-4 5-0 6-0 ment 


Such small experiments may not be definitely conclusive, but they do 
suggest that no reasonable change in diet during the dry season will cause 
the morning milk to contain the higher percentage of butterfat which is found 
during the wet season, ?.e. that the change is directly attributable to the effect 
of the climate. 


SOLIDS-NOT-FAT. 

No values other than butterfats are available for the greater part of the 
period under review, but during the past season a few determinations have 
been made of the content of total solids. From these the content of solids- 
not-fat has been calculated. The figures for June and November, when the 
butterfats are showing their typical variations, show no corresponding altera- 
tions in solids-not-fat (Table X). 


Table X. Determinations on bulked milk from the herd. 








Butterfat Solids-not-fat 
t X ~ c ; 

Date a.m. p.m. a.m. p.m. 
June 27 7-2 6-2 9-4 10-3 
28 7-4 6-2 9-5 8-5 

29 70 7 9-4 8-0 
Average 72 6-0 9-4 8-9 

Nov. 28 4-6 70 9-5 9-2 
29 a1 6-5 9-3 9-0 

30 4-9 6-8 9-6 8-6 


Average 4-9 7-0 9-5 8-9 
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A number of determinations on the milk of individual cows at various 
times of the year show the same relationship, ?.e. a slightly higher proportion 
of solids-not-fat in the morning milk. 


SUMMARY. 


1. Some account has been given of the cattle kept on the Government 
Farm at Samaru, Zaria, and of their management in the wet and dry seasons. 

2. Figures extending over four seasons have been presented to show that 
the butterfat content of the milk produced on this farm is consistently higher 
in the morning than in the evening during the wet season, and that the reverse 
is true during the dry season. 

3. The relative quantity of milk produced in the evening during the dry 
season is slightly less than during the wet season, but this difference is quite 
inadequate to explain the change in the percentages of butterfat. 

4. Some evidence is offered that this change in butterfat content is directly 
due to the marked climatic differences between the two seasons, and that it 
cannot be controlled by altering the diet of the cattle. 
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118. INVESTIGATIONS ON THE MILK OF A TYPICAL 
HERD OF SHORTHORN COWS 


ILI. NITROGEN DISTRIBUTION, CHLORIDE, LACTOSE, COPPER AND 
IRON CONTENT OVER A PERIOD OF TWO YEARS 


By WILLIAM LEWIS DAVIES. 
National Institute for Research in Dairying, University of Reading. 


Tue following paper covers the fourth and fifth years (1931-3) of the 5-year 
period during which investigations on the composition of typical milk have 
been carried out by Golding et al.(1,2). The analyses now reported cover the 
fractional distribution of nitrogen together with lactose, chlorine, copper and 
iron in the milk and may serve as a comprehensive standard of typical 
Shorthorn milk on which criteria of the normality of individual milk samples 
may be based. 
METHODS OF ANALYSIS. 

The nitrogen distribution was determined by Moir’s methods(3), except 
that modifications in the procedure of washing the protein precipitates were 
introduced. Thus, total protein from the trichloracetic acid precipitation was 
washed with 1 per cent. trichloracetic acid solution, and the casein from 
acetate buffer precipitation was washed with a dilute solution of the acetate 
buffer. This was found to overcome the tendency of the well-washed precipi- 
tates to peptise with distilled water while it also expedited filtration. 

The chloride content was determined by the open Carius method 
(Davies (4)). 

Lactose was determined by Fehling’s method, weighing the reduced copper 
as cuprous oxide. The percentage of lactose was calculated from Munson and 
Walker’s data. 

Copper and iron were determined by methods which have been described 
previously (Davies (5). 

All the determinations were carried out in duplicate, and the results are 
the means of closely agreeing duplicates. The difference between duplicates 
was never greater than 0:3 per cent. of the absolute values for total protein 
and casein nitrogen and not greater than 0-5 per cent. for albumin and globulin 
nitrogen. In all, ninety-six samples, covering the 2-year period under review, 
were analysed for nitrogen distribution and chloride content; twenty-four 
samples were analysed for copper and iron, and seventy-five samples for 
lactose content. The results are given in Table I. The total nitrogen is given 
as percentage of the milk, while the nitrogen distribution is expressed as 
percentage of the total nitrogen. 

Table II gives an analysis of the results calculated on the basis of whole 
milk and of fat-free milk. The fat and solids-not-fat values are taken from 
Jour. of Dairy Research vi 24 
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Investigations on the Milk of Shorthorn Cows 
Table I. 


Nitrogen distribution. Percentage of total nitrogen 


Percentage of milk 


Chlorine 
O-OS13 
O-O865 
O0-O883 
O-O852 
0-0832 
O-O7S8S8 
O-O787 
0-0836 
0-O0790 
O-O789 
O-O778 
0-O0750 
O-O766 
O-O724 
O-0095 
O-OT16 
O-O711 
O-O718 
O-OG99 
O-O724 
0-0670 
O-O746 
0-O703 
O-O742 
O-O7 44 
0-0688 
O-O760 
0-07 42 
0-O772 
0-O0750 
0-O773 
O-O792 
0-O799 
O-O782 
0-0783 
0-0772 
0-O794 
0-0840 
0-0845 
0-08.46 
0-O868 


O-O877 
0-0904 
0-0948 
0-0976 
0-0845 
0-0880 
0-09 16 
0-0966 
0-0964 
O0-O970 
0-09.45 
0-0993 
0-0949 
0-0948 
0-0959 
0-O837 
01000 
O0-O897 
O-O895 
O-O866 
O0-O0869 
O0-0899 
O-O879 
O-0845 
0-083 1 
O-O842 
O-O849 
0-0850 


Lactose 


L R-II 
who S 


EEER- 








0-466 
0-478 
O-467 
0-497 
0-493 
0-506 
0-507 
0-506 
O-4T9 
0-495 
0-497 
0-503 
0-517 
0-501 
0-494 
0-512 
0-489 
0-486 


0-528 
0-531 
0-534 
0-536 
0-543 
0-531 
O-515 
0-518 
0-505 


0-480 


| 


rotein Casein globulin’ Albumin Globulin | 
’ N N N N 


91-3 
94-2 
93-1 

94-0 
93-3 
94-3 
93°7 
93-4 
93-4 
94-0 
94-1 

94-8 
94-6 
95-9 
94-9 
94-9 
93-2 
95-1 

94-7 
94-5 
94-3 
94-2 
93-8 
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( ‘opper 


p.p-m. 


0-51 


0-38 


O-48 


0-50 


0:32 


0-48 


0°39 


OAT 


0:38 


0-43 


0-51 


0:32 


0:38 


0°33 


0-41 


Iron 


p.p.m, 


202 


1-76 


1-90 


1:96 


2-04 


1-92 


1-88 


1-98 


2-16 
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Percentag 
Date ( Gini 
O-O866 
0-0911 
0-0883 
0-0912 
0-0907 
0-O888 
0-O872 
0-0830 
0-0842 
0-0910 
0-0843 
0-0907 
0-0951 
0-0925 
0-0866 
0-0985 
0-1032 
0-1003 
0-1035 
0-1160 
0- L080 
0-1160 
0-1160 
0-1170 
0-1120 
0: 1060 
0-1040 


Constituer 
Fat 
Solids-not-fat 
Chloride 
Lactose 
Total N 
Protein N 
Casein N 
Albumin N 
Globulin N 
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Table b (continued). 


Nitrogen distribution. sirreennen age of total nitrogen 











*Albumin+globulin N96 


Non-protein N 


+Total protein 
+Casein 
+Albumin 
+Globulin 


Copper (p.p.m. 


Iron (p.p.m.) 


Protein N 
Casein N 
Albumin + glol 
Albumin N 
Globulin N 
Non-protein N 


Albumin 
ze of milk + Non- 
- Total Protein Casein globulin Albumin Globulin protein Copper 
Lactose N . . N . N p-p-m. p 
181 0-497 95-1 T7T-4 17-7 13-4 1-3 4-9 
4:77 0-492 94-5 T6-7 17-8 11-8 6-O 5-5 0-49 
1-80 0-515 94-6 T4:7 19-9 15-1 1-8 d-4 
4-82 0-504 95-5 T8-4 17-1 13-2 3-9 1-5 
0-519 95-4 75-2 20-2 16-0 }-2 16 
1-84 0-530 95-2 74-4 20:8 16:3 1-5 1-8 0-32 
185 0-529 95-7 TH-6 20-1 16-8 3:3 1-3 
4-84 0-529 94-2 T6-8 17-4 13-2 }-2 58 
1-8 0-480 95-4 79-4 16-0 12-4 3-6 1-6 
0-473 93-8 76-0 78 12-7 5-1 "6-2 
oa 0-481 93-8 76-9 16-9 12-6 1-3 6-2 0:29 
_ O-467 92-1 778 14:3 10-7 3-6 79 
— 0-473 93-1 166 16-5 L1-4 d1 6-9 
— 0-466 95-4 77-9 17-5 13-6 3-9 4-6 
— 0-494 93-7 15-5 18-2 14-6 3-6 63 0-37 
— 0-465 93-1 76:3 16-8 13-0 3-8 6-9 
—~ 0-461 94-5 776 16-9 12:7 4-2 55 
— 0-464 96-0 77-5 18-5 14-9 3-6 1-0 
— 0-467 95-1 75:7 19-4 15-8 3-6 49 
—_— 0-473 93-9 16-1 17-8 13-8 1-0 6-1 0-45 
— O-4T9 93-9 76:3 17-6 14-1 35 6-1 
— 0-487 94-9 75:3 19-6 14-9 4-7 51 
. 0-496 95-2 T65 18-7 15-1 3-6 4:8 0-42 
— 0-500 95:3 738 21-5 15-9 5-6 1-7 
— 0-504 92-8 756 17-2 11-1 6-1 7-2 
— 0-505 93-9 75:3 18-6 14-5 1-1 6-1 
— 0-508 94-3 7155 18-8 15-5 3:3 oT 0-38 
Table I. Average composition of typical milk. 
2-year period First 3- -year per iod 
A —+ pos 
In In In 
No.of whole fat-free No.of whole 
samples milk S.D. milk samples milk S.D. 
Column l 2 3 4 5 6 7 
at Percentage of milk. 
96 3°28 0-255 - 151 3-21 0-271 
96 8-88 0-187 9-17 151 8-92 0-139 
96 0-086 0-012: 0-088 — — ~ 
75 4-87 0-163 4-94 75 4-76 0-127 
96 0-501 0-021 0-518 149 0-517t 0-025 
96 0-470 0-021 0-486 — — — 
96 0-384 0-016 0-397 148 0-394 0-014 
72 0-067 0-009 0-069 - — — 
72 0-023 0-006 0-024 - —- — 
0-086 0-089 — — a 
96 0-031 - 0-032 —- _- - 
96 3-00 — 3-10 _ — — 
96 2-45 — 2-53 148 2-52 _- 
72 0-428 — 0-442 — a — 
12 0-147 == 0-152 -- - —- 
) 24 0-41 0-067 — = — = 
24 1-96 0-116 — — a -- 
Percentage of total nitrogen. 
96 93-9 _ _ — 
96 76-7 0-73 — 148 76-5 1-46 
yulin N 96 17-2 = —_— -- — — 
72 13-4 — —— = — _ 
72 4-6 - ~ — oo _ 
965 Ta = = — — _ 


* Calculated by difference. 
Recalculated from the original table (I) to a percentage weight basis. 


+ 


+ Nitrogen x 6-38. 


p.m. 


1-98 


1-90 


2-10 


1-92 


1-86 
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the tables published by Golding et al.) The values are compared with the 


mean values obtained for the previous 3-year period. 


DiscUSSION OF RESULTS. 
(a) Mean values. 
Fat, and solids-not-fat. 

The mean fat content of the morning samples agrees closely for the two 
periods. The mean solids-not-fat content, however, is lower by 0-41 per cent. 
in the latter period. This is due to the inclusion of a considerable number of 
low values during the summer drought of 1933. 


Lactose. 

The lactose figures are not representative of the whole of the 2-year period, 
since values for the samples taken during the summer drought of 1933 are 
not included. The mean value for the 2-year period is therefore higher than 
that for the previous 3-year period, since in the latter the mean lactose content 
was calculated for a period consisting of the last 17 months of the 3-year 
period. This period embraced the summers of 1930 and 1931, during which 


the lactose content decreased considerably. 


Nitrogen distribution. 

The total nitrogen and casein nitrogen figures are slightly lower for the 
2-year period than for the previous 3-year period. The differences between 
the mean values for the two periods are equivalent to 0-10 per cent. of total 
protein of which the difference as casein accounts for 0-07 per cent. 

The amount of casein nitrogen in the total nitrogen of the samples shows 
remarkable uniformity, namely, 76-5 (s.p. 1-46) per cent. for the 3-year period 
and 76:7 (s.p. 0-70) per cent. for the 2-year period. These values confirm the 
average value (76-1 per cent.) found by Tocher(6) during the analysis of 474 
samples of milk from Scottish herds. The value of these data is brought out 
strongly in the considerations of variation in milk composition, particularly 
in the problem of milk of low non-fatty solid content; this conception has 
already been discussed elsewhere (7). 

The mean chloride content (0-086 per cent.) is comparatively low. The 
mean value of the chloride content of about 1000 samples of milk taken from 
the Institute herd on one day monthly over a period of 12 months has been 
found to be 0-100 per cent. Experiences with herds outside the Institute 
have shown that this value is lower than the mean for market milk, and that 
mean values from 0-110 to 0-115 per cent. are more general. 

The amount of the total nitrogen accounted for by protein nitrogen is also 
remarkably constant, namely, 94 per cent., which confirms the findings of 
other workers. The non-protein nitrogen consequently is also subject to only 
slight variation. 

The magnitude of the variations in the amounts of the total nitrogen 
accounted for by the albumin and globulin singly is higher than for any of 
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the other nitrogen fractions, although the sums of both naturally show little 
variation. The albumin was found to vary 14 per cent. on either side of the 
mean, and the globulin 23 per cent. 

The mean figure for globulin nitrogen is definitely less than that for non- 
protein nitrogen, the former being roughly 70 per cent. of the latter. This 
does not confirm the general opinion that both classes of nitrogen are of equal 
magnitude. The general nitrogen distribution in milk given by Davies(4) is 
therefore modified to: protein 94, non-protein 6; casein 77; albumin 13; 
globulin 4, 


Copper and iron. 

The mean value of the copper contents of twenty-four samples of milk 
was 0-41 p.p.m. (s.p. 0-067). The copper content is fairly constant. (The 
natural copper content of milk has been found by other workers, e.g. Lampitt 
and Sylvester (8), to be of a lower order of magnitude (0-09-0-11 p.p.m.). The 
figures given here are therefore perhaps to be regarded as of comparative 
value only.) The mean value of the iron content of twenty-four samples of 
milk was 1-92 p.p.m. (s.p. 0-116). The individual values fall within the range 


found by Davies (5) for fresh milk (1-50-2-40 p.p.m.). 


(b) Seasonal variation in milk composition. 

Generally the change in the percentages of the constituents studied oc- 
curred in the same direction simultaneously, so that the effect in either 
increasing or decreasing the solids-not-fat content of the milks was additive. 
This additive effect was so marked during the summer drought of 1933 as to 
lower the solids-not-fat content below the presumptive standard of 8-5 per 
cent. on five occasions. The two main constituents concerned, of course, were 
lactose and total protein, casein accounting for roughly 80 per cent. of the 
effect of the latter. The general trend of variation may be gathered by in- 
spection of Table I. 

Total nitrogen varied directly with the solids-not-fat, and casein and total 
protein nitrogen varied directly with the total nitrogen content. 

Inspection of Table I also shows that the lactose content as determined 
(or deduced approximately from the lactose-chloride relationship for the iast 
4 months of the 2-year period) varied directly with the solids-not-fat and the 
protein content, although the magnitude of the variation was not so great as 
for protein. It will also be observed that the lactose content recovered more 
rapidly than the protein content when a rise in solids-not-fat occurred after 
the low values during the periods of drought. 

Changes in the solids-not-fat content of milk therefore appear to be due 
to two separate causes: (a) the sudden changes in lactose content, rapid both 
in decline and in recovery, and (b) the gradual and smoother changes of 
protein content. 

The chloride content generally varied inversely with the solids-not-fat 
content. The highest values for the chloride content were obtained during the 
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latter part of the summer drought of 1933, the figure of 0-116 per cent. being 
reached on the four occasions when the lowest amounts of solids-not-fat were 
given. The lowest figures for chloride (0-070 per cent.) were given in the 
samples of the highest solids-not-fat content (9-10 per cent.). 

No seasonal variation was observed in the copper and iron contents of 


samples of milk taken once monthly. 


SUMMARY. 


The weekly samples of typical milk from a small herd of Shorthorn cows 
have been analysed for chlorine content and nitrogen distribution (ninety-six 
samples). Lactose has been determined in seventy-five samples and copper 
and iron in twenty-four samples. The results are tabulated and discussed. 

The author is indebted to Mr A. Wagstaff for carrying out the determina- 
tions of lactose. 
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119. MASTITIS STREPTOCOCCI IN BULK MILK 


By E. J. PULLINGER. 
Research Institute in Animal Pathology, Royal Veterinary College, London. 


THIS paper is concerned with the extent of contamination of graded and 
non-graded bulk milk with the streptococci which ordinarily cause bovine 
mastitis. Such streptococci have been divided into three groups according to 
their biochemical and serological characters (Edwards (1), Stableforth@)). Of 
these the most important is that which has been called Group I, which causes 
the prevalent chronic form of the disease. In respect of haemolysis, Group I 
strains may be either beta-haemolytic or non-haemolytic, when grown as shake 
cultures in ox-blood agar plates. These varieties are apparently of equal im- 
portance in causing mastitis; it is conceivable that in the udder haemolytic 
strains may become non-haemolytic, but there is no evidence that this takes 
place at all commonly or that the reverse change takes place. It is generally 
admitted that these streptococci cause no harm to human beings, even when 
consumed in very large quantities. Their presence in raw bulk milk is signi- 
ficant because of the indication that the cows concerned are unfitted for the 
production of a pure milk, the secretion obtained from cows with mastitis 
being deficient in fat and lactose and containing an excess of chlorides, as well 
as reaction products such as blood protein and leucocytes. Efficient distributors 
would have good reason to object to such milk; but it would not be practicable 
to refuse it altogether, since bovine mastitis is known to be extremely wide- 
spread amongst dairy herds. The main object of this investigation has, there- 
fore, been to see whether it is possible to set a standard for contamination of 
this kind which may reasonably be permitted. Were it possible to do this, 
distributors would be in a position to inform producers that control was 
necessary, and so be an effective force in bringing about an improved supply. 


There is very little definite information as to the extent to which market milk is con- 
taminated with mastitis streptococci, though as early as 1906 Savage (3) noted the high 
incidence of streptococci in milk collected from shops. Until something approaching a 
satisfactory classification was devised, it was not possible to give any reliable opinion as 
to the identity of the streptococci found in milk, though Rogers and Dahlberg (4) concluded, 
as a result of fermentation tests, that most of those found in bulk milk originated from 
the udder. The discovery that some streptococci produce zones of haemolysis around their 
colonies in blood agar, and that such kinds of haemolytic streptococci are derived from the 
udder, has helped to make the position clearer. Thus Davis (5, 6) examined forty-five bulk 
samples of certified milk, of which nearly half contained haemolytic streptococci. These 
organisms were all found in bulk samples of ordinary raw milk and of milk said to have 
been pasteurised. He also reported that twenty-two out of forty-six bulk samples collected 
from one certified herd contained these organisms in counts up to 2500 per ml. F. S. 
Jones (7) found streptococci in twenty-six bulk samples collected from one herd on different 
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occasions. Of all streptococci isolated from these samples, the proportion originating from 
the udder varied day by day between 15 and 45 per cent. Salter(8) found haemolytic 
streptococci in 35 per cent. of bulk samples of ordinary raw milk, certified milk and milk stated 
to have been pasteurised, collected from fourteen dairies. Frost, Gumm and Thomas (})) 
examined 1000 cows from five certified herds at monthly intervals for 1} years, bulk samples 
from groups of ten cows being taken. Of all samples 28-6 per cent. contained haemolytic 
streptococci in numbers as high as 10,000 per ml. 

The microscopical examination of milk for organisms or for leucocytes has received 
considerable attention; but it is possible to mention only a few of the numerous references 
to this subject. Rullmann and Trommsdorff (10) and Savage (3) studied the correlation 
between the presence of streptococci and of leucocytes in samples of milk from individual 
quarters of the udder. These workers agreed that a high cell count was usually associated 
with the presence of streptococci, but that this was not always so. Hewlett, Villar and 
Revis (11) reported similar findings to those of Savage, though they disagreed with his 
identification of the various cellular constituents present in milk. Prescott and Breed (12) 
described an improved technique for counting cells in milk. Breed and Stidger (13) found that 
the cellular elements in the milk of cows considered to be healthy might vary from 5000 to 
20,000,000 cells per ml., while Breed (14) and others noted the high cell content of colostral 
milk. Ross (15) concluded that the estimation of the cell content of milk was not a suitable 
standard for judging its quality and stressed the difficulty of differentiating leucocytes 
from the other cellular elements of the secretion. Woodhead and Varrier-Jones (16) gave 
an account of the cells which might be found in milk and of the criteria for their identifica- 
tion. Varrier-Jones (17), Steck (18), Seelemann (19), Bachmann (20) and Préscholdt (21) all 
reported that a high cell content is usually associated with the presence of pathogenic 
organisms, and stress the importance of the differential cell count in this connection; they 
are, however, agreed that there is no relationship between cells and organisms. Thus 
Préscholdt reported that out of 3409 samples containing streptococci, 28 per cent. showed 
a normal cell content, whilst out of 28,754 samples culturally free from mastitis streptococci, 
32 per cent. showed a cell content which was abnormally high. Hopkirk (22) described a 
survey of bovine mastitis, in which diagnosis was based mainly upon the leucocyte content 
of the milk from individual quarters. Schonberg (23) expressed the view that bulk milk 
containing numerous desquamated epithelial cells undergoing fatty changes, and moderate 
numbers of leucocytes probably contained a heavy admixture of colostral milk, whilst pus 
cells, erythrocytes and phagocyted cocci indicated inflammatory changes. Holm (24) con- 
cluded that as polymorphonuclear leucocytes do not occur in the milk of healthy cows their 
presence may be taken as evidence of mastitis. 

From the foregoing survey of the literature, it will be seen that whilst generally speaking 
a high cell content in individual quarter samples of milk is indicative of inflammatory 
changes in the quarter, this is not an invariable rule, since milk from quarters which are 
assumed to be normal may, in certain circumstances, contain many cells. If, however, the 
cells are mainly polymorphonuclear leucocytes and erythrocytes, the quarter from which 
the milk is derived is infected, probably with streptococci. In the case of bulk milk, it 
seems doubtful whether the cell content can yield much useful information, since dilution 
of mastitis milk with clean milk, and lack of assurance that the milk contained no colostrum 
would interfere with the interpretation of results. 


In the present investigation the milk has been examined for streptococci 
by culture, and in a large number of cases a microscopic search has been made 
for streptococci and leucocytes. Microscopic examination was tried because 
a rapid method such as this would be of particular value to distributors. In 
the cultural examination, attention had to be confined mainly to those strepto- 
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coeci which cause beta-haemolysis in ox-blood agar, since, apart from excep- 
tional circumstances, it proved impossible to identify the non-haemolytic 
kinds of mastitis streptococci amongst the multitude of similar organisms, 
common in bulk milk, which are not pathogenic. 


CLASSES OF MILK EXAMINED. 


(1) Graded milk. Milk from individual Certified and Grade A (T.T.) herds 
was examined. Each pint sample of Certified milk no doubt represented the 
mixed product of a few cows only, whilst Grade A (T.T.) half-pint samples 
were representative of the churns delivered by the producer on the particular 
day. 

(2) Non-graded milk. Half-pint samples were collected from 3000-gallon 
rail tanks on arrival at the urban receiving depot; incidentally the opportunity 
was taken to examine samples of similar milk after holder pasteurisation. 


A. CULTURAL EXAMINATION FOR MASTITIS STREPTOCOCCI. 

In most of the work the following procedure was adopted. Whole milk, i.e. milk shaken 
up so that the cream and deposit were well distributed, was used. Tenfold dilutions of this 
were prepared in sterile saline, by transferring 1 ml. into 9 ml. of saline, one pipette being 
used for undiluted milk, and a second for all subsequent dilutions and inoculations. The 
dilutions of milk used for seeding the plates varied with the class of milk and with the 
weather. Graded milks were usually plated in dilutions of 1: 10 and 1: 100, raw rail tank 
milk in dilutions of 1: 100, 1: 1000 and 1: 10,000; pasteurised milk in dilutions of 1: 10 
and 1: 100. One ml. amounts of each dilution were cultured in crystal violet blood agar 
deep plates. The medium used was that described by Edwards (25), but without the addition 
of aesculin, viz. lemco agar containing 1-0 per cent. peptone, 0-5 per cent. sodium chloride, 
0-2 per cent. of a 1: 1000 aqueous solution of crystal violet and about 0-5 per cent. de- 
fibrinated ox blood. 

The graded milk samples were examined three times, during September 1932, February 
1933 and September 1933. Aesculin was incorporated in the medium in the second series 
in the hope that non-haemolytic streptococci pathogenic in nature might be identified 
(Edwards (25)). Owing to the large number of non-haemolytic bacteria normally saprophytic 
in bulk milk, however, it proved impossible to pick out pathogenic strains, and attention 
was, therefore, confined in subsequent work to beta-haemolytic forms. When colonies having 
the macroscopic appearance of beta-haemolytic mastitis streptococci were present in plates, 
at least ten representative ones were picked to tubes of serum broth, and after subculture 
their identity was confirmed microscopically and by the tests described by Minett and 
Stableforth (26), for differentiating streptococci of human and of bovine origin. In addition, 
any beta-haemolytic colonies having an unusual appearance were picked and examined. 

(1) Graded milk. The results of the examination of herds are detailed in 
Table I a and representative counts are recorded in Table I 8. Out of forty- 
two samples from sixteen Certified herds, twenty-four were contaminated with 
beta-haemolytic streptococci. Of twelve herds examined on three separate 
occasions, samples from two only were uncontaminated at every test. 

Out of fifty-four samples from twenty-three Grade A (T.T.) herds, forty- 
two were contaminated. Of fourteen herds examined on three occasions, 
samples from two only were uncontaminated at every test. 
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Table 1 a. Examination of graded herds for mastitis streptococet. 


Streptococci present at Strepto- 
Total No. of No. of tests as under cocci 

Class of No. of No.of examina- herds ——_A——_— absent at 

herd herds samples tions examined H 2 l all tests 
Certified 16 42 3 12 3 3 4 2 
2 2 — 2 0 2 
1 2 — _ l l 
Grade A(T.T.) 23 54 3 ry 9 2 | 2 
2 3 — 3 l 0 
l 6 — — 5 1 


Table 1B. Beta-haemolytic mastitis streptococci in graded milk. 
Streptococci per ml. whole milk 
at examination 


Class of pee en oe oe 
milk Herd First Second Third 
Certified l 0 160 450 
3 140 400 280 
5 40 1,600 0 
8 5,050 3,610 4,700 
10 2,405 400 0 
Grade A (T.T.) 17 2,900 40 120 
18 6,300 4,600 6,300 
20 0 500 13,500 
23 490 13.300 12,500 
27 2,000 5,400 370 
29 20 1,500 20 


In these individual herds the streptococcus count of the mixed milk varied 
from 0 to 20,000 organisms per ml. 

(2) Non-graded milk. Fifty-eight samples taken from as many rail tanks 
arriving at seven pasteurising depots were examined and all of them contained 
beta-haemolytic mastitis streptococci in relatively large numbers, the counts 
ranging from 2500 to as high as 2,000,000 organisms per ml. After pasteurisa- 
tion similar organisms could not be recovered. 

For the examination of samples * whole milk” was cultured because numerically accurate 
results were required. In the first examination, milk from several herds was free from mastitis 
streptococci, but after examinations had been repeated three times, samples from almost 
all the herds were found to contain these organisms on one or more occasions. Subsequently 
an experiment was carried out to compare the value of “whole milk”, “gravity cream” 
and “centrifuge deposit” as the inoculum for cultural purposes. 


Variations in streptococcus count in mixed milk from herds. 

The most striking feature of the above results was the variation in strepto- 
coccus count shown when the mixed milk of a herd was examined on different 
occasions. In order to obtain further information as to the extent and signi- 
ficance of these variations, samples from twenty-eight Grade A (T.T.) herds 
were collected at approximately weekly intervals during March, April and 
May. The samples were taken at a receiving depot by trained samplers, 2 oz. 
of milk being withdrawn from every churn delivered by the producer. After 
these quantities had been mixed thoroughly, 20 ml. of the bulk was brought 
by hand to the Institute, where it was plated out within 3 hours of being taken. 
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Representative counts are given in Table II, from which it may be seen 
that in some cases the counts remained at a reasonably constant level, while 
with other herds very marked variations occurred from week to week. An 
attempt has been made to correlate variations in count with the introduction 
or removal of cows from the milking herd. The available information on this 
point is included in the final column of Tables II, 1V and V. A more extensive 
examination was then made by plating samples from two of the twenty-eight 
herds at shorter intervals. The counts, shown in Table III, indicate that 
within a space of only 2 days the number of beta-haemolytic streptococci 
may be doubled or even trebled. 


Table II. Successive counts of beta-haemolytic streptococci 
in graded milk. 


Sertgs 1. 





Count per ml. whole milk on days Variations in 
A—— ——$—$$$ composition of 
Herd l 8 15 22 28 35 57 64 71 78 92 milking herd 
32a 20 —_ 920 *70 180 50 200 0 200 5,000 +50 * 1 cow removed 
32) 0 30 0 40 +1,200 500 *) 0 50 30,000 +250 * 3 cows removed 
22 200 620 2,000 +480 150 540 200 500 350 1,500 +50 -- 
38 300 *4,000 2,240 300 610 1,200 — **23,200 70,000 6,000  * 1 cow introduced 
** 13 cows introduced 

%a 100 30 200 60 10 3,060 *60 50 90 400 80 * 3 cows removed 
265 80 40 350 510 +2,230 270 200 380 150 3,000 *120  * 1 cow removed 
5 110 30 120 60 20 50 0 150 370 = 1,500 +20 — 
19 2,850 300 4,900 910 2.400 23,000 3,200 620 2,300 4,000 39,200 — 
24e 8,700 7,400 10,800 270 220 150 0 550 730 25,000 6,400 — 
37 20 0 6,500 — 50 0 0 150 50 - 0 — 
16 0 0 30 20 0 0 0 0 0 0 0 — 
3la 0 0 — 0 0 0 0 0 0 0 0 — 


At points marked +, where considerable variations occurred, information showed there had been no change in the herd. 
With herds 19-31 no information was available. 
Table III. Successive short-interval counts of beta-haemolytic streptococci 
in milk from two herds. 
SERIES |. 


Count per ml. whole milk on days 





Herd I 3 5 8 10 12 
18 4,600 6,400 5,200 12.300 7,800 7,200 
22 300 100 230 690 650 380 


Table IV. Successive weekly counts of beta-haemolytic streptococci 
in graded milk. 
Series 2. 


Count per ml. whole milk on days 





Herd _ \ Variations in 
No. i 8 15 22 29 36 43 50 64 71 milking herd 
37 _— 1355 1020 +620 935 790 +2810 *1630 **2651 1262 * 1 cow removed 
** 1 cow introduced 
32a 245 255 215 +565 220 210 #525 270 =**407 3 39=—- ¥# #95 * 2 cows introduced 


** 3 cows introduced 
*** 4 cows removed 


325 100 295 = *415 245 270 185 +365 160 212 **27 * 3 cows introduced 
‘ ** 3 cows removed 
50 0 0 0 0 0 0 0 0 0 0 — 

38 1225 1005 1770 1845 1285 1565 950 *1570 832 880 * 2 cows introduced 
40 — 35 +120 145 95 +250 185 240 117 202 


t+ As Table IT. 








Srrrks 2. 
Count per ml. whole milk on days 

Herd _———}_2 $A —_—_——, Variations in 
No. l 2 3 { 5 8 9 10 ll 12 milking herd 
37 — 550 = +1275 545 = +1355 *4565 +1420 1005 515 =* 1 cow introduced 
32a 245 *130 90 160 +580 255 125 280 215 195 * 1 cow removed 
326 100 *3107> «185 90 +700 — **295 505 +150 325 285 * L cow removed 

** 2 cows removed 
50 0 0 0 0 0 0 0 0 0 0 - 
38 1225 -— 1985 1395 = 2060 t 1005 1520 *900 1750 1756 * 3. cowsremoved, dry 
10 — 110 135 80 0 35 TO 105 110 +270 -— 
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Table V. Successive short interval counts of beta-haemolytic streptococer 
in graded milk. 








+ As Table IT. 


With the object of confirming these results, and of studying the effect 
upon the streptococcus count of certain external factors such as weather and 
technical procedure, six herds were retested during November and December. 
Five of these herds were included amongst the original twenty-eight. Daily 
examinations were made for 2 weeks, and thereafter samples were examined 
usually once a week. The technique was improved in that a separate pipette 
was used for each dilution and more time was spent pipetting milk up and down 
to ensure thorough mixing, and to break up chains of streptococci. Also, 
plates were poured in duplicate, whilst on ten occasions four plates were used 
for each dilution and on five occasions five plates were used for each dilution 
in order to check the extent of errors. 

The results of this examination are recorded in Tables IV and V. For the 
first 12 days these tables overlap. It will be seen that, as in the first series, 
variations in count, of considerable magnitude, occurred both daily and 
weekly. 

Comparison of the value of plating whole milk, gravity cream, 
or centrifuge deposit. 

These different methods of inoculation from the same sample of milk were compared 
to see which would yield the largest streptococcus count. Gravity cream was obtained by 
allowing narrow sample tubes to’stand at room temperature for 4 hours. One ml. of the 
cream was then withdrawn using a wide-mouthed pipette, and transferred to 9 ml. of saline, 
after the outside of the pipette had been wiped with sterile cotton-wool; saline was sucked 
up and down to remove all the cream. Using a fresh pipette the mixture was thoroughly 
emulsified, saline being drawn up and down the pipette as long as appeared necessary. 
Dilutions were similarly prepared at 1: 100 and 1: 1000, by transferring 1 ml. amounts 
to 9 ml. of saline; 1 ml. of each dilution was then plated. 

Centrifuge deposit from 10 ml. of milk was collected in a modified Trommsdorff tube; 
this was emulsified in 1 ml. of saline of which one-half was plated directly; the other half 
was diluted at 1:10 with saline and 1 ml. of this was plated (Minett, Stableforth and 
Edwards (27)). 

At the beginning of this investigation milk samples were examined by all three methods, 


but “deposit plating” was subsequently discarded as it was so clearly inferior to the other 
methods. 


Counts illustrating the results obtained with whole milk and gravity cream 
are shown in Table VI. In general, the gravity cream counts, recorded as 
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organisms per ml. of cream, were five to ten times higher than whole milk 
counts. Out of 293 samples examined by both methods, there were twenty-one 
(7-1 per cent.) instances where cream alone was shown to contain streptococci, 
the counts per ml. of cream in these cases varying from 120 to 42,000. 

The concentrated nature of gravity cream compared with whole milk 
might account for some of these cases, but it could not account for an instance 
in which the whole milk culture revealed no streptococci, whilst cream culture 
gave a count of 42,000 per ml. Such a case might be explained on the assump- 
tion that fresh milk is strongly bactericidal, whilst cream does not possess 
this property. Numerous workers, including Rosenau and McCoy 28), Jones 
and Little29) and Hanssen (30), describe a growth-inhibitory or bactericidal 
property of fresh milk which may be retained as long as 10 hours. On the 
other hand, Christiansen (31) described a factor in cream which checks the 


Table VI. Comparative value of whole milk and gravity cream plating for 
demonstrating beta-haemolytic streptococci in milk. 


Count per ml. on days 
— _* 





Inoculum 1 8 15 22 28 35 57 64 71 78 92 
Milk 0 30 0 40 ~=—-:1,200 500 0 0 50. 30.000 250 
Cream 1,500 200 300 1,410 30,000 1,500 120 1,500 3,200 3,700 2,000 
Milk 300 4,000 2,240 300 610 1,200 “= 23,200 _ 70,000 6,000 
Cream 3,400 1,200 14,400 4,100 9,600 12,200 — 240,000 — 360,000 270,000 
Milk 100 30 200 60 10 =. 3,060 60 50 90 400 80 
Cream 3,300 52 350 800 730 29,500 1,820 1,120 $500 920 640 
Milk 1,000 2,860 5,600 1,970 1,400 5,800 2,875 1,410 1,850 1,600 1,800 
Cream 30,000 14,200 40,000 9,800 35,000 50,000 26,200 2,400 57,000 37,000 ~—-20,000 
Milk 3,050 — 3,000 1,200 670 2,700 2,900 2,550 5,300 3,300 7,000 2.250 
Cream =3,700—-11,200) 22,800 = 8,100 = 32,200)» 22,000 176,000 = 128,000 35,000 = 35,000 «62,000 
Milk 20 ° 0 6,500 — 50 0 0 150 50 — 0 
Cream 210 200 22,900 — 320 620 300 3,500 1,200 a 1,000 


growth of pathogenic streptococci. This latter work is definitely opposed to 
the explanation suggested above. The reason for the difference between milk 
and cream is, therefore, at present obscure; the plating of gravity cream, 
however, is of value in detecting very small numbers of streptococci. On the 
other hand, if a reasonably accurate count is required, then the whole milk 
technique should be used. 


Causes of the variations in streptococcus count. 


The possible causes of the variations noted in the weekly counts are as 
follows: 

(a) Technical errors in plating and counting. 

(b) Sampling errors. 

(c) Changes in the constitution of the milking herd from week to week. 

(d) Multiplication of the bacteria in the milk during transit. 

(e) Variations in the numbers of mastitis streptococci excreted by indi- 
vidual cows. 

Attempts have been made to assess the importance of these factors. 
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One possible technical error which might arise would be that due to close 
stacking of plates in the incubator. With haemolytic organisms this would be 
shown by the appearance of imperfectly developed zones of haemolysis. As 
such instances were not observed and as the plates were incubated for 48 hours, 
it is believed that errors due to this cause were unimportant. Similarly, since 
haemolytic colonies only were being sought, counting errors would not be 
expected to be pronounced except where plates were heavily overgrown with 
other organisms. There still remain errors inherent in all plating work, e.g. 
those concerned with methods of operating the pipettes, the number of pipettes 
used for the series of dilutions, the volumes transferred in making the dilutions 
and the difficulty of making a uniform emulsion of milk. Experiments were 
made to estimate the importance of these points and, although wide differences 


Table VII. Beta-haemolytic streptococcus counts on plates 
to examine errors of technique. 


No. of colonies growing from 1 : 10 dilution on plate 





Sample l 2 3 4 5 
1 100 86 95 7l —_ 
2 89 86 78 80 —- 
3 146 147 166 154 174 
f 20 18 18 25 — 
5 13 10 19 15 --- 
6 27 29 24 19 21 
7 127 133 123 122 ne 
8 259 281 252 269 a 
9 178 172 145 153 167 

10 1] 7 9 11 a 
11 37 42 43 41 -- 
12 29 25 28 2 28 
13 I 5 2 3 

14 18 25 19 23 — 
15 18 21 14 15 13 


could be attributed to technical causes they were not great enough to explain 
the variations in count noted in the weekly examinations of herd milk. In 
the examination of the second series of six herds, the opportunity was taken 
to test the technique more carefully. As has been stated, on fifteen occasions 
four or five plates were used for each dilution. As an index of dispersion of 
the counts, y? was calculated for each series. To test whether the general 
variation was greater than would be expected by chance, x? figures were 
examined by the formula (V/2y?—‘V2n—1) (Fisher @2)). The data are set out 
in Table VII, where it will be seen that (V2y?—V2n—1) = —1-621. This 
figure indicates that the technique used in making the counts shown in 
Tables IV and V was probably satisfactory. Marked variations must, there- 
fore, be explained by causes other than technical errors. 

There were no reasons for supposing that there had been errors in sampling. 
Enquiry showed that the samples had always been taken by trained persons, 
who were accustomed to the work. 

It was only in herds where milk yields were being recorded that reliable 
information as to changes in the composition of herds could be obtained. This 
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is shown in the last column of Tables II, [IV and V. While in some instances 
variations in count could be put down to changes in the herd, in others no 
changes in the herd had taken place. 

No experiments could be carried out upon the effect of duration of transit 
upon the streptococcus count, but in an attempt to cover the point, samples 
were stored for periods of 18-24 hours at a temperature between 15 and 20° C. 
Seventeen samples were examined in this way, but three became heavily 
overgrown with saprophytes during storage and must be excluded from the 
series. Counts of the remaining fourteen samples are recorded in Table VIII. 
In one instance an increase of significant magnitude was encountered, in two 
instances a marked drop was noted. In the remaining eleven samples the 
variation was such as could be explained by technical errors. This suggests 
that storage at room temperature for periods up to 24 hours does not seriously 
alter the haemolytic streptococcus content of milk, though overgrowth with 
saprophytes may make counting experiments inaccurate. This finding is in 


Table VIII. Effect of storage at 15-20° C. on the beta-haemolytic 
streptococcus count of graded milk. 





Mean streptococcus count Mean streptococcus count 
per ml. per ml. 

On 18-24 hours On 18-24 hours 
Sample arrival later Sample arrival later 
1 2060 1535 8 565 700 
2 580 145 9 245 220 
3 790 835 LO 120 215 
4 210 325 1] 950 800 
5 250 365 12 525 600 
6 620 580 13 365 440 
e 1770 1830 14 185 165 


agreement with that of Minett, Stableforth and Edwards (7) who found that 
storage at 20° C. for 5 hours, or for the same time followed by keeping of the 
milk for 24 hours at 2° C. produced no striking variation in the count of 
mastitis streptococci. Such changes as were encountered consisted of a fall 
and not a rise of count. In the present investigation the milk from any one 
herd was always handled in exactly the same manner, the important variable 
factor, therefore, was temperature. Alterations of temperature would be more 
accurately reflected in changes in total bacterial count, but such counts made 
on arrival of the milk at the depot were found with few exceptions to be below 
the limit of 200,000 organisms per ml. Marked changes in the total count were 
generally due to corresponding variations in the mastitis streptococcus count. 
Moreover, the second series of counts was carried out during the cold months 
of November and December. Beta-haemolytic streptococci do not appear to 
multiply in milk held at room temperature for some hours, and, as is shown 
by the total bacterial counts, the milk was of high quality and was handled 
carefully so as to eliminate bacterial development as far as possible. Conse- 
quently, it is reasonable to assume that similar variations in the streptococcus 
count would have been encountered, had the samples been examined at the 
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farms where the milk was produced. Temperature changes are probably im- 
portant when of sufficient magnitude to induce extensive development of 
saprophytes, since this would increase the difficulties of making accurate 
counts. 

In view of the marked variations in count noted and the inadequacy of 
the foregoing explanations, it must be accepted as probable that these varia- 
tions are caused by fluctuations in the number of organisms excreted by 
individual cows. Such fluctuations are known to occur, but it was thought 
that, in a large herd, the number of cows excreting mastitis streptococci 
heavily on any particular day would be roughly counterbalanced by an equi- 
valent number excreting few organisms. Apparently, however, the average 
graded herd, supplying from 40 to 150 gallons of milk daily, is not large 
enough for such a balance to be reached, and the variation must, therefore, 


be accepted as real. 


Table IX. Relationship between the proportion of infected cows in herds, 
and the numbers of beta-haemolytic streptococci in the herd milk. 


Cows Cows Mixed milk count 

Herd examined infected per ml. 
18 44 15 3,800 
24a 60 25 1,500,000 
24b 60 21 190,000 
24¢ 58 13 125,000 
24d 57 10 330 
24 « 50 17 54,000 
94 f 69 §2 5,000,000 
31 36 5 1,970 
33a 41 9 13,500 
336 45 4 630 
34 26 9 6,600 
37 16 4 8,400 
51 38 11 4,200 
53 a 24 l 0 
54 41 l 100 
56 37 3 470 
58 16 4 3,035 


In order to obtain exact information as to the relationship between the 
incidence of mastitis in individual herds and the streptococcus count of the 
mixed milk from them, twenty-four herds containing 718 cows were examined. 
The result of the cultural tests, in crystal violet blood agar, of samples of milk 
from individual quarters, or of mixed samples from the four quarters, were 
kindly made available by Mr 8. J. Edwards. Bulk samples were prepared by 
mixing together 2 ml. of milk from each quarter sample or udder sample; 
after a thorough mixing this milk was plated according to the whole-milk 
technique. The results are shown in Table [X—in these cases no relationship 
could be demonstrated between the percentage of infected cows and the 
streptococcus count of the bulk milk. Seven of the herds, however, contained 
no infected cows and the bulk milk was correspondingly free from beta- 


haemolytic streptococci. 
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B. MicroscopICAL EXAMINATION OF MILK. 


The value of the microscopical examination of bulk milk for mastitis 
streptococci or excess of leucocytes was investigated because the method is 
simple to carry out and is a rapid means of diagnosis. In fact, it may be the 
only possible means of detecting contamination of bulk milk with the non- 
haemolytic kinds of streptococci, since, in culture, the colonies of these 
organisms bear a close resemblance to those of non-pathogenic organisms 


common in market milk. 

A modified Breed technique was adopted, using gravity cream. A standard loopful of 
cream was spread on a slide over an area of 1 sq. cm.; after drying, it was defatted with 
xylol, fixed with absolute alcohol, stained with carbol thionin and differentiated with 
absolute alcohol. The film was then examined under a 2-mm. objective and X4 eyepiece. 
Leucocytes were counted in 100 fields and a note made if streptococcus chains were seen. 
In a small series of samples, thin smears of centrifuge deposit were made and fixed by heat. 
These were stained with carbol thionin and differentiated with methylated spirits. The 
presence of streptococcus chains was noted and the number of leucocytes. 


It was evident that streptococci were to be seen in films of cream, or of 
deposit, only when counts were very heavy; hence, no reliance could be placed 
upon a negative microscopical examination. This was anticipated since even 
with udder samples the microscopical examination for streptococci is extremely 
unreliable. 


Table X. Correlation between the leucocyte count of gravity cream and the 
beta-haemolytic streptococcus count of bulk milk. 


Percentage distribution of samples according to the 





Total beta-streptococcus count per ml. 
Leucocytes samples : ~ 
per field examined 0 1-500 500-1000 > 1000 
<2 77 27:3 50-6 78 14-3 
2-1-4-0 109 13-8 41:3 19-2 25-7 
4-1-6-0 39 77 28:3 15-4 48-7 
6-1-8-0 13 0 23-1 7:7 69-2 
>8 10 0 10-0 0 90-0 


As regards the leycocyte content, Table X shows the correlation between 
the leucocyte count of gravity cream and the beta-haemolytic streptococcus 
count of the corresponding bulk milk, as observed over a series of eleven 
examinations of twenty-eight Grade A (T.T.) herds. It will be seen that, of 
milks having a leucocyte count of two cells or less per field, 78 per cent. 
showed a beta-haemolytic count which might attain 500 organisms per ml., 
the average being 110. The remaining 22 per cent. were heavily contaminated. 
Of the milks with a much higher leucocyte count of four to six cells per field, 
7-7 per cent. were entirely free from beta-haemolytic streptococci, but these 
milks might have been contaminated with non-haemolytic mastitis strepto- 
cocci or Staphylococcus aureus, though such contamination was not revealed 
by the presence of these organisms on microscopical examination. 
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Discussion. 

The figures showing the extent of contamination of graded and non-graded 
milk with mastitis streptococci confirm the now well-recognised high incidence 
of chronic streptococcus mastitis. 

The figures which have been given are based upon the cultural examina- 
tion of whole milk. Had gravity cream counts been made, the incidence of 
streptococcus infection amongst herds would have been even higher. However, 
since the main point under investigation was the need for a standard count, 
attention was confined to the * whole-milk” technique, as giving more accurate 
results. Furthermore, bacterial counts recorded deal only with beta-haemo- 
lytic streptococci, but non-haemolytic streptococci, having identical bio- 
chemical and serological characters, are a common cause of chronic mastitis, 
so that the position is worse than is implied by the figures given. In any 
serious attempt to control mastitis by examining bulk milk it would be 
important to devise a method for distinguishing the colonies of non-haemolytic 
streptococci from those of saprophytic organisms. This would probably be a 
very difficult task. 

In eliminating milk-borne epidemics due to Str. pyogenes of human origin 
pasteurisation plays an important role, but it does not improve the situation 
with regard to mastitis streptococci. Minett, Stableforth and Edwards (33) 
have demonstrated the possibility of eliminating the contagious form of 
mastitis by the application of suitable control measures. Moreover, in the 
present investigation the only herds which were entirely free from chronic 
streptococcus mastitis were those in which such control was being exercised. 

Before any campaign for the elimination of mastitis can become effective 
the co-operation of farmers is essential, and milk distributors can play a large 
part in encouraging this co-operation. It would be necessary, however, in the 
first place, to provide a practical method of judging the quality of the milk. 
The physical and chemical changes found in mastitis milk are of some value 
when samples direct from the udder are examined, but they cannot be used 
for examining bulk samples, as such changes are cloaked by dilution with 
normal milk. The only method, therefore, by which the quality of bulk milk 
could be judged would be by means of culture. But, since chronic mastitis 
is so widespread, distributors would not be in a position to refuse all milk 
which contained mastitis streptococci. It was hoped that this investigation 
would provide a standard which would enable a reasonable judgment to be 
formed as to the extent of mastitis in a herd and in this way to gauge the 
quality of the milk. Unfortunately, it has not proved possible to provide 
such a standard, owing to the marked variations in the beta-haemolytic 
streptococcus counts of bulk milk. These are due to some extent to technical 
difficulties in making accurate counts and to variations in the constitution of 
the milking herd, but chiefly to variations in the numbers of organisms ex- 
creted by individual cows. It follows, therefore, that complete elimination 
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of the disease must be aimed at. On the other hand, it should not be implied 
that cultural examination of bulk milk is a useless procedure, since if four or 
five such examinations are made at short intervals, and the procedure repeated 
several times a year, a reasonable estimate of the position can be reached and 
the farmer advised accordingly. 


SUMMARY AND CONCLUSIONS. 


1. A technique for examining bulk milk, by cultural and microscopical 
means, for evidence of mastitis among the cows is described. Te demonstrate 
a light contamination with haemolytic streptococci, cultural examination of 
gravity cream is advocated, whilst, if much significance is to be attached to 
the actual count, whole milk should be cultured. 

2. Forty-two samples of Certified milk from sixteen producers were 
examined, and twenty-four of these contained beta-haemolytic streptococci 
when whole milk was cultured. Twelve of these herds were examined on three 
occasions during fifteen months, and samples from only two were free from 
beta-haemolytic streptococci at every test. 

Fifty-four samples of Grade A (T.T.) milk from twenty-four producers 
were examined, and forty-two contained beta-haemolytic streptococci. 
Samples from fourteen of these herds were examined three times, and only 
two were free from these organisms on each occasion. 

3. All fifty-eight samples of ordinary rail-tank milk contained beta- 
haemolytic streptococci, and these organisms were destroyed by holder 
pasteurisation at 62-8° C. for 30 min. 

4. Weekly examinations of representative samples from Grade A (T.T.) 
herds revealed marked periodic variations in the beta-haemolytic streptococcus 
count. These variations may be partly explained by technical errors in the 
plating and by variations in the constitution of the milking herd. The fluctua- 
tions in the counts cannot, however, be fully explained in this way; probably 
a more important factor is the day to day variation in the number of 
organisms excreted by individual cows. Figures comparing the incidence of 
infection in herds and the beta-haemolytic streptococcus counts of the corre- 
sponding mixed milk support this view. 

5. This uncontrollable variation renders impossible the setting up of a 
standard count for haemolytic streptococci above which a producer might 
be penalised. The extent of mastitis in a herd may only be estimated by 
cultural examination of representative samples performed four or five times 
at weekly intervals. 

6. Microscopical examination of gravity cream or of centrifuge deposit 
for streptococci or leucocytes is a useful additional test, and may give in- 
formation which is not obtainable by the cultural methods outlined in this 
paper, but it does not serve as a substitute for cultural examination. 

7. The ideal to be aimed at is the complete eradication of mastitis by 
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suitable control measures. That this state can be achieved is demonstrated 
by the persistent freedom from haemolytic streptococci of the milk of two 
herds where such control is being successfully practised. 


I wish to thank Dr F. C. Minett for advice and criticism during the course 
of this work. I am also indebted to the Directors of United Dairies Limited 
for their interest and financial support; to Mr E. B. Anderson, M.Sc., for 
arranging the supply of samples and relevant information; to Mr L. J. 
Meanwell, N.D.D., for supervising sampling and making total bacterial counts 
of a series of samples, and to Mr F. W. Priestley, M.R.C.V.S., for his assistance 


in the statistical portion. 
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120. THE TYPES OF COLIFORM BACTERIA 
IN BOVINE FAECES 


By J. F. MALCOLM. 
Bacteriology Department, the West of Scotland Agricultural College, Glasgow. 


THE present work is a natural sequel to a previous investigation (1) dealing 
with the coliform flora of raw market milk under different conditions. During 
winter, when cows were confined to byres, the proportion of “typical” or 
so-called “faecal” Bact. coli(2,3) to Bact. aerogenes, Bact. cloacae and inter- 
mediate types in milk was found to be 2-4: 1, whereas in summer, when cows 
were at pasture, the proportion was 0-7: 1. Since typical Bact. coli are the 
predominant types in bovine faeces, it was suggested that this variation was 
associated with a greater possibility of faecal contamination of the milk when 
the cows are confined to byres than when they are at pasture. But the source 
of the aerogenes-cloacae types and their prevalence in milk during the summer 
required elucidation. The results of most workers appear to indicate that 
these organisms are seldom present in human and animal faeces but are 
relatively common in water and soil and on fodder and grains. Consequently 
they are generally regarded as non-faecal in origin. While only a few investi- 
gators (4,5, 6) have reported these types as being of frequent occurrence in 
faeces, it has been shown within recent years(7,8) that they are almost con- 
stantly, though scantily, present in human faeces. It is possible that a similar 
condition exists with bovine faeces. If so, bovine faeces may constitute an 
important primary source of such contaminants in milk. 

In the present investigation specimens of bovine faeces, both from cows 
confined to byres and from cows at pasture, were examined bacteriologically, 
with the following objects: (1) to determine by the ordinary methods of 
isolation the various types of coliform bacteria which are present in bovine 
faeces under these varying conditions, (2) in the event of aerogenes-cloacae 
types being rarely obtained by these methods, to attempt to isolate them 
more frequently by enrichment methods, and (3) to study the biological 
reactions of the strains of coliform organisms isolated. 


I. THE TYPES OF COLIFORM BACTERIA ISOLATED FROM BOVINE FAECES 
BY ORDINARY METHODS. 


One hundred and fourteen specimens of bovine faeces were examined. The 
specimens were taken at different periods of the year, eighty-one being ob- 
tained during a winter period extending from November to April, when the 
animals were confined to byres for most of the day, and thirty-three during 
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a summer period extending from May to October, when the cows were at pasture 
for the whole or greater part of the day. Most of the specimens were obtained 
from six cows, and were procured from the centre portions of fresh droppings. 

The specimens were examined within a few hours of evacuation, the 
examination being carried out as early as practicable in view of the possibility 


of certain organisms dying off rapidly in such materials (9). If the faeces could 
not be examined within 6 or 8 hours, they were treated at once with Teague 
and Clurman’s glycerine and salt solution (see Browning (9)). 


Methods of isolation. 


An emulsion of the faeces was prepared in sterile water. At first one large loopful of 
the specimen was mixed with approximately 5 ml. sterile tap water, the diameter of the 
loop being about 4 mm. Later, when it was observed that no coliform strains were obtained 
from some specimens, a much denser emulsion was prepared, six to ten loopfuls of faeces 
being added to the sterile water. 

The following methods of isolation were employed: (a) stroked plates of bile-salt lactose 
agar, and (b) preliminary enrichment in bile-salt lactose bouillon. 

Stroked plates of neutral-red bile-salt lactose agar (2). One large loopful of the faecal 
emulsion was stroked on a bile-salt agar plate and incubated at 37° C. for 24 hours. Typical 
colonies (at first six but later in the investigation three) were transferred to Durham's 
fermentation tubes of bile-salt lactose bouillon. Subcultures which failed to produce acid 
and gas within 14 days at 37° C. were discarded. The others, as soon as both acid and gas 
were apparent in the fluid cultures, were subcultured on bile-salt agar plates. Single colonies 
were again subcultured into bile-salt lactose bouillon, and if producing acid and gas, trans- 
ferred to agar slopes. Replating from a broth culture was considered to be advisable owing 
to the difficulty often experienced in separating cultures of coliform organisms from mixed 
cultures. This procedure has been recommended for similar reasons by Ruchhoft et al. (10). 
Coliform cultures were not obtained by this method from sixteen specimens, but they were 
isolated from twelve of these specimens by other methods which were being used at the 
time. Thus only four specimens failed to yield cultures by any of the isolation methods 
employed. It was possible that in some instances coliform colonies had been overlooked 
on the bile-salt agar plates, and so the practice was finally adopted of keeping the plate 
cultures from which colonies had been taken for 6 or 7 days. If the bouillon subcultures 
failed to produce acid and gas within that time, fresh subcultures were made from other 
colonies. Three of the four specimens which yielded no coliform cultures were examined in 
the early stages of the work before this practice was followed. The presence of “spreading” 
colonies, chiefly Proteus types, on the plates occasionally made the isolation of coliform 
cultures difficult. It is noteworthy that Dorner (6) frequently failed to obtain any coliform 
strains from specimens of bovine faeces, especially with certain cows. As a rule cultures 
from three colonies of coliform organisms were isolated by this method from each specimen. 
If the colonies differed in appearance, subcultures were made from each type. The total 
number of cultures obtained was 262. 

Growth in bile-salt lactose bouillon before stroking on bile-salt lactose agar plates, Several 
loopfuls of the faecal emulsion were added to a Durham’s fermentation tube of bile-salt 
lactose bouillon and incubated at 37° C. When acid and gas were produced (usually within 
18-24 hours), the culture was stroked on a plate of bile-salt agar. The subsequent procedure 
was the same as in the first method, but only one colony was inoculated into lactose bouillon, 
and as a result not more than one culture was isolated from each specimen. (Where the 
specimen contained several types of coliform bacteria, the type isolated would depend to 
some extent on the relative numbers of the various types in the faeces and also on their 
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relative rates of growth in the bile-salt bouillon.) This method was not used at the outset 
of the work, but was employed with the plating method (see above) in the examination of 
the last eighty-five specimens, i.e. the thirty-three summer specimens and fifty-two of the 
eighty-one winter specimens. Coliform cultures were obtained by its use from eighty of 
these specimens, including seven from which none were obtained by the previous method. 
The total number of cultures isolated was eighty. 


Method of identification of cultures isolated. 

Stained smears were prepared from the agar-slope cultures and examined microscopically 
to determine whether the organisms were of coliform type, i.e. non-sporing, Gram-negative 
and rod-shaped. Cultures which had not these characters and failed to grow under aerobic 
conditions were discarded. Living preparations from peptone-water cultures, which had 
been kept at room temperature for 24-48 hours, were examined for motility. The following 
biochemical reactions were also determined: fermentation of lactose, glucose, sucrose, 
dulcitol, adonitol, inulin, raffinose and inositol, 0-5 per cent. of the fermentable substance 
being added to 1 per cent. peptone water; action on milk; the methyl-red and Voges- 
Proskauer reactions; production of indole; liquefaction of gelatin and ability to grow and 
produce turbidity in Koser’s fluid citrate medium (11). The various tests were carried out 
in the same manner as in the previous investigation of the coliform flora of milk (1). 

Results. 

Three hundred and forty-two cultures of coliform bacteria were isolated 
by these methods. The cultures obtained by both the methods corresponded 
very closely in type, and consequently the results obtained by both are 
combined in Table I, which shows the number of cultures isolated during 
the winter and summer periods, and during the whole period. The cultures 
are arranged in groups according to the following reactions: (a) fermentation 
of inositol, (b) growth in Koser’s fluid citrate medium, (c) production of indole 
and (d) Voges-Proskauer reaction. 

Table I. Cultures of coliform bacteria found in bovine faeces by the ordinary 
methods of isolation, (a) and (b), during the winter period (when cows were 
confined to byres) and during the summer period (when cows were at pasture). 











Biochemical reactions Number of cultures isolated 

Voges- Whole 

Group Inositol Koser Indole Proskauer Winter Summer _ period 
*1. Bact. coli types - - + - 211 119 330 
4. Intermediate types - + - - 2 0 2 
5. Bact. cloacae types - + - + 2 0 2 
7. Bact. oxytocus types + + + + 3 0 3 
8. Intermediate types + + _ - l 0 1 
9. Bact. aerogenes types + + - + 4 0 4 
223 119 342 


* Numbered to correspond with Table III. 


This method of grouping is supported by the following facts. 

(a) The strains which ferment inositol are as a rule non-motile and capsulated. They 
produce large slimy colonies, ferment adonitol (1, 2) and, as will be seen from Table ITI, 
are always Koser-positive. In most instances they are Voges-Proskauer-positive. The 
prototype is Bact. aerogenes. Typical Bact. coli strains on the other hand always fail to ferment 
inositol; Bact. cloacae strains also are usually non-fermenters, although positive cultures 
are occasionally obtained. The fermentation of inositol therefore constitutes a valuable test 
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for the differentiation of coliform types. This is in agreement with the work of Mackie (12), 
who showed that the inositol and indole reactions were important criteria for the grouping 
of coliform organisms according to their serological reactions. Further, Hay (8) in a study 
of the Bact. mucosus capsulatus group (inositol-fermenting organisms closely allied to, if 
not identical with, Bact. aerogenes) and the coliform group found that there was high 
correlation between the action on inositol and the serological reactions of these organisms. 

(b) With regard to the Koser reaction, Koser-negative strains are, with very few excep- 
tions, inositol-negative. They also as a rule are indole-positive (1). On the other hand, the 
Koser-positive types include (1) almost all the inositol-positive strains and (2) most of the 
inositol-negative strains which are indole-negative (see Table III). Koser-negative strains 
are, with few exceptions, Voges-Proskauer-negative, while Koser-positive strains are most 
frequently Voges-Proskauer-positive. The typical Bact. coli are Koser-negative, although 
Koser-positive cultures of even the classic types, e.g. MacConkey’s Nos. 71, 34 and 1, were 
occasionally obtained in this and the previous investigation. Bact. aerogenes, Bact. cloacae 
and Bact. oxytocus types are Koser-positive. 

(c) There is a high negative correlation between the indole and Koser reactions of 
coliform bacteria, with the exception of strains which are both indole-positive and inositol- 
positive, e.g. MacConkey’s types Nos. 65, 97 and 101 (1). These are with few exceptions 
Koser-positive. In other words, indole-negative cultures are as a rule Koser-positive, while 
indole-positive cultures are Koser-positive or negative according to whether the inositol 
reactions are positive or negative. 

(d) The Voges-Proskauer reaction is of value for distinguishing typical Bact. coli strains 
from aerogenes-cloacae, but the correlation between this reaction and the Koser is not so high 
as between the indole reaction and the Koser. With the Voges-Proskauer-positive types, Bact. 
cloacae strains are generally inositol-negative, whereas aercgenes and oxytocus strains are 
inositol-positive. With the Voges-Proskauer-negative types, the typical Bact. coli are 
inositol-negative, but certain other types, e.g. MacConkey’s Nos. 68, 99, 101 and 104, are 
inositol-positive. In the present investigation it was found occasionally that while several 
cultures, which had been obtained from the same specimen, varied in their Voges-Proskauer 
reactions, they were identical in all the other reactions. 

(e) The sucrose, dulcitol, inulin and salicin reactions, and the presence or absence of 
motility, have not been used for the differentiation of groups because there is only low corre- 
lation between these features and the inositol, Koser, indole and Voges-Proskauer reactions, 
as shown by Table ITI and also by the previous investigation (1). There is a close agreement 
between the adonitol and the inositol reactions , with the exception of adonitol-positive 
Bact. coli types. These types are similar in other characters to the typical Bact. coli, so that 
there is no necessity to place them in a separate group. Consequently the adonitol reaction 
has not been used for the differentiation of groups. 


It will be seen from Table I that in each of the periods most of the cultures 
belonged to group 1, the typical Bact. coli. Of the 342 cultures isolated, 
330 belonged to this group and only twelve to the other groups. With regard 
to these Bact. coli cultures (group 1) the following types of MacConkey (13, 14) 
were obtained, the figure in brackets indicating the number of cultures of 
each isolated: Nos. 71 or B. coli communior (185), 34 or B. coli communis 
Escherich (69), 1 (23), 72 (14), 35 (11), 4 (8), 5 (5), 107 (5), 106 (3), 2 or B. acidi 
lactic (3), 100 (2), 33 (1), and an atypical strain (1). In faeces of human 
origin a similar condition exists, the most prevalent coliform organisms are 
typical Bact. coli, and of these Nos. 71 and 34 are most frequently found @, 7, 8). 
The twelve other cultures belonged to the following MacConkey types, the 
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figure in brackets indicating the number of each type obtained: Nos. 103 (3), 
65 (3), 7 (1), 67 (1), 68 (1), 73 (1), 74 (1) and 108 (1). Four of these cultures 
were obtained from the one specimen. 

Cultures of aerogenes-cloacae and other Koser-positive types were therefore 
seldom obtained from bovine faeces by the ordinary methods of isolation. 
The question then arose as to whether this was due to their rare occurrence 
in bovine faeces or to the fact that they were present in such small numbers 
as to render their isolation difficult by the ordinary methods. Consequently 
the work was continued with the object of determining to what extent they 
could be obtained from bovine faeces by using methods of isolation suitable 
for their enrichment. 


II. THE INCIDENCE OF AEROGENES-CLOACAE AND OTHER KOSER-POSITIVE 
TYPES IN BOVINE FAECES, AS DETERMINED BY THE USE OF ENRICHMENT 
METHODS OF ISOLATION. 


One hundred specimens of bovine faeces were examined, Koser-positive 
cultures being isolated from ninety-five of them by various enrichment 
methods. Fifty of the specimens were obtained during summer when the 
cows were at pasture, and fifty during winter when the animals were confined 
to byres. The specimens were from various cows on four farms. The same 
procedure was adopted with regard to collection of the specimens as in the 
previous work. 

The following methods of isolation were employed: (a) preliminary enrich- 
ment in Koser’s fluid medium, (6) preliminary enrichment in a fluid medium 
containing brilliant green, (c) preliminary enrichment in Koser’s fluid medium 
plus copper sulphate, and (d) stroked plates of Simmons’ citrate agar. 

Enrichment in Koser’s fluid citrate medium prior to stroking on a bile-salt 
lactose agar plate. A tube of Koser’s fluid medium was inoculated with the 
faecal emulsion. (For this primary culture at first 20 ml. of Koser’s medium 
and ten loopfuls of the faecal emulsion were used, but later only 10 ml. of 
the medium and three large loopfuls of the faeces.) When growth was 
apparent, usually after 18 or 24 hours’ incubation, a subculture was made 
into another tube of Koser’s medium, a smaller amount of inoculum being 
used than that employed for the primary culture. If the second tube showed 
turbidity (a positive Koser reaction), another subculture was made similarly in 
the same medium. When the third Koser tube gave a positive reaction, the 
culture was tested in bile-salt lactose bouillon, and if acid and gas were produced 

_lt was stroked on a bile-salt lactose agar plate. A colony from the plate was 
subcultured in bile-salt lactose bouillon and in Koser’s citrate medium. If 
the reactions in both cases were positive, the culture was again stroked on 
bile-salt agar; a colony was tested in lactose bouillon and in Koser’s medium 
and then a subculture made on an agar slope. If a culture failed after either 
the first or second plating to give positive reactions in both lactose bouillon 
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and Koser’s medium, fresh subcultures were made from other colonies on the 
plate. At first an incubation temperature of 37° C. was used in this and the 
other enrichment methods, but later it was reduced to 30° C., as it was found 
that colonies of Koser-positive types developed to a greater extent at this 


temperature than colonies of Bact. coli types. 

As a rule no attempt was made to isolate more than one culture from 
each specimen by this method. In thirty-eight specimens no cultures were 
isolated, in spite of the fact that in most instances cultures were obtained by 
one or more of the other enrichment methods. Failure to obtain cultures 
was due to the following factors. (1) Cultures were frequently obtained which 
proved on replating and further examination to be mixed cultures of Koser- 
negative coliform types and Koser-positive non-coliform (especially Proteus) 
types. This difficulty was overcome to some extent by retaining the plate 
cultures for some time after subcultures from the colonies had been made. 
The subcultures were tested as usual in lactose bouillon and Koser’s medium, 
replated and tested again in lactose bouillon and Koser’s medium. Then, if 
they failed to give positive reactions in both these media, fresh subcultures 
were made from other colonies on the primary plates. However, as the work 
progressed and experience was gained, Koser-positive colonies could be picked 
off from the plates with a greater degree of certainty, especially if the plates 
were kept for 24 hours at 30° C. and then for several days at room temperature 
before the colonies were examined. (2) Trouble was experienced in isolating 
cultures from some of the plates owing to the abundant growth of Proteus 
types, which had not been eliminated by the subculturing in Koser’s medium. 
It was found that growth of such organisms in Koser’s medium could be 
prevented by the addition of copper sulphate (15) (see enrichment method (c)). 
All the Koser-negative cultures of coliform bacteria obtained during this 
section of the work, 7.e. by these enrichment methods, were discarded and 
are therefore not included in Tables II and III. 


Table II. Strains of Koser-positive coliform bacteria found in bovine faeces by 
enrichment methods of isolation, (a), (b) and (c), during the winter period 
(when cows were confined to byres) and during the summer period (when 
cows were at pasture). 











Biochemical reactions Number of cultures isolated 

Voges- Whole 

Group Inositol Koser Indole Proskauer Summer Winter _ period 
*2. Intermediate types - + + - 6 5 1] 
3. Intermediate types ~ + b + 3 3 6 
4. Intermediate types - + - ~ 3 26 29 
5. Bact. cloacae types - + - + 36 47 83 
6. Intermediate types 4 : + ~ 5 6 1] 
7. Bact. orytocus types a a 4 + 14 4 18 
8. Intermediate types + ~ ~ i 2 9 
9. Bact. aerogenes types } n t 54 32 86 
128 125 253 


* 


Numbered to correspond with Table ITI. 








bo 
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Table III. Showing biochemical reactions and motility of 595 cultures of coliform 
bacteria isolated by ordinary and enrichment methods from bovine faeces. 


Voges- Motility Adonitol Sucrose Dulcitol Inulin 


Pros- ; — — _ — 
Group Inositol Koser Indole — kauer + _ i - ; - : _~ t _ 
1. Bact. coli types ~ -- + —- 292 38 30 300 210 120 281 49 0 330 
(330 cultures) 
9, Intermediate types - : a 7 t 3 8 8 3 8 3 0 11 
(11 cultures) 
3, Intermediate types _ . ! } 5 l 1 5 6 0 3 3 0 6 


(6 cultures) 

{, Intermediate types - } - -_ 30 l O 3 1 15 5 26 0 3i 
(31 cultures) 

5, Bact. cloacae types _ . - + TT 8 > 85 0 30 «55 6 79 
(85 cultures) : 

6. Intermediate types ' + - 1 10 11 0 11 0 5 6 1 10 
(11 cultures) 

7. Bact. oxytocus types 
(21 cultures) 

8. Intermediate types : + _ - 
(10 cultures) 

. Bact. aerogenes types - + - + 10 80 85 5 90 0 21 69 19 fl 
(90 cultures) 


bo 


19 20 l 21 0 18 3 15 6 


bo 
TP 


Enrichment in brilliant green peptone water before plating in bile-salt lactose 
agar (2,9). Preliminary experiment had shown that the addition of 0-7, 1 and 
even 1-5 ml. of a 1: 10,000 solution of brilliant green to 10 ml. amounts of 
peptone water, which had been inoculated with bovine faeces, was insufficient 
to eliminate Bact. coli types, a fact which was probably due to the effect of 
the large quantity of extraneous matter introduced with the inoculum. Conse- 
quently the practice was adopted of subculturing twice in the brilliant green 
medium. As primary cultures, several large loopfuls of the faecal emulsion 
were inoculated into two tubes containing 10 ml. peptone water plus 0-7 and 
1-0 ml. of a 1: 10,000 solution of brilliant green respectively. Then, after 
18-24 hours’ incubation at 30°C., a subculture was made from each into 
peptone water containing the same concentration of the dye as the primary 
culture. At the same time plates of bile-salt lactose agar were stroked. The 
secondary cultures in peptone water were incubated for 24 hours and then 
stroked on bile-salt agar. There were therefore two pairs of plates, one from 
the primary and the other from the secondary cultures. The plates were 
incubated at 30°C. and one colony from each was tested in bile-salt lactose 
bouillon and Koser’s fluid citrate medium. If positive reactions were obtained 
the culture was replated on bile-salt lactose agar, a colony was subcultured 
from it and tested in bile-salt lactose bouillon and Koser’s medium. If the 
reactions were positive, the culture was transferred to an agar slope. Only 
one culture as a rule was isolated by this method from each primary and 
secondary culture. Koser-negative strains were occasionally obtained, but 
were discarded. As with the Koser fluid enrichment method, the plate cultures 
were retained for some time, so that in the event of the subcultures from the 
colonies proving to be Koser-negative other subcultures could be made. 

In the examination of the last fifty specimens (the winter specimens) the 
method was modified as follows. Two primary cultures were made in peptone 








390 The Types of Coliform Bacteria in Bovine Faeces 


water containing 1-0 ml. of the dye, the inoculum being in the one instance 
three large loopfuls of the semi-fluid faecal specimen and in the other twice 
or three times that quantity. After 18-24 hours’ incubation at 30° C. secondary 
cultures were made from each in peptone water containing 1-0 ml. of the dye. 
Plates of bile-salt agar were stroked only from the secondary cultures. The 
subsequent procedure was the same as previously detailed. Cultures were 
not obtained by the various brilliant green enrichment methods from nineteen 
of the 100 specimens, although they were obtained from fourteen of these 
nineteen specimens by one or more of the other enrichment methods. 

Enrichment in Koser’s fluid medium containing copper sulphate prior to 
plating on bile-salt agar. Trouble had been experienced in isolating Koser- 
positive cultures by enrichment in Koser’s medium owing to the abundant 
growth of Proteus types. To overcome this difficulty a sterile copper sulphate 
solution was added to the medium after sterilisation (15). At the outset 1 ml. 
of a 1: 100 solution of copper sulphate was added to 10 ml. of Koser’s medium, 
giving a concentration of copper sulphate in the medium of 1: 1000, but in 
the later work only 0-5 ml. was added, yielding a concentration of 1 : 2000. 
The latter procedure gave the more successful results. Cultures were not 
obtained by this method from fifty-seven specimens. 

Stroked plates of Simmons’ citrate agar. Attempts were made to isolate 
Koser-positive cultures by stroking plates of Simmons’ citrate agar with 
loopfuls of the faecal emulsions (16). This method, however, was discarded, as 
it was found that Proteus types grew well on the plates and also that colonies 
of Koser-negative coliform organisms were frequently present. The growth of 
the latter on the citrate agar was probably promoted by the presence of 
extraneous organic substances introduced along with the inoculum. 


Results. 

Of the 100 specimens examined by these enrichment methods, Koser- 
positive coliform cultures were obtained from ninety-five. The failure to obtain 
them from five specimens was possibly not due to their absence from the 
faeces but to the fact that the proper colonies had not been subcultured from 
the plates. As already mentioned, in many instances subcultures from the 
colonies gave positive Koser and lactose reactions, but on replating they 
proved to be mixed cultures of Koser-negative coliform types and Koser- 
positive non-coliform types, most frequently Proteus. 

In Table II is shown the number of Koser-positive coliform cultures 
isolated during the various periods, the cultures being arranged according to 
the same biochemical reactions as in Table III. As no correlation could be 
observed between the frequencies of the types obtained and the various en- 
richment methods of isolation, the cultures are not grouped according to 
method of isolation used. It will be seen from the table that in each of the 
periods most of the cultures belonged to groups 5 and 9, 7.e. they were of 
Bact. cloacae and Bact. aerogenes types. The latter predominated in the summer 
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and the former in the winter. However, there appeared to be no significant 
difference between their relative frequencies for the two periods, and almost 
the same number of cultures of each (eighty-three in the case of Bact. cloacae 
and eighty-six in the case of Bact. aerogenes) were obtained during the whole 
period. It is noteworthy that while eighty inositol fermenters and forty-eight 
inositol non-fermenters were isolated during the summer, forty-four of the 
former and eighty-one of the latter were obtained during the winter, 7.e. practi- 
cally the numbers were reversed. No reason can be given for this variation. 

The following are the types of MacConkey which were obtained, the figure 
in brackets being the numbers of cultures of each isolated: No. 108 (56, two being 
of anaerogenes type), 103 (37), 67 (18), 73 (15), 98 (13), 109 (13), 7 (10), 65 (10), 
102 (8), 69 (6), 75 (6), 101 (6), 66 (5), 104 (4), 36 (3), 68 (2), 97 (2), 8 (1), and 
74 (1). There were thirty-seven atypical strains. Eight of these were Bact. 
coli types (MacConkey’s B, Nos. 71, 1 and 5) giving atypical (7.e. positive) 
Koser reactions. 

Biological characters of the strains. The biochemical reactions and motility 
of the cultures isolated are given in Table III, all the cultures shown in 
Tables I and II being included. The lactose, glucose, mannitol, raffinose and 
methyl-red reactions have been omitted from the table for the following 
reasons. The lactose, glucose and mannitol reactions were positive in all 
instances. The raffinose reactions corresponded very closely with the sucrose. 
The methyl-red reactions as a rule were positive when the Voges-Proskauer 
were negative, and they were negative when the Voges-Proskauer were posi- 
tive. The majority of the cultures which were exceptions to this rule were 
indole-negative, Voges-Proskauer-positive types, giving as a rule neutral 
methyl-red reactions, as was noted in the previous investigation (1). 

The gelatin reaction has been omitted, as it is not a satisfactory criterion 
for the differentiation of coliform types. Those which liquefy gelatin do so 
as a rule very slowly, the process taking perhaps from 4 to 12 weeks at 20° C., 
and even at 30 and 37° C. The gelatin test is therefore of little value in routine 
work. Moreover, a fairly high proportion of strains of classic gelatin liquefying 
types, e.g. MacConkey’s B, Nos. 65, 73, 97, 102 and 108, fail to liquefy gelatin 
even after prolonged incubation at 37° C. or lower temperatures. Thus, with 
regard to the forty-seven cultures of these five types isolated by the enrich- 
ment methods during the summer period, fifteen failed to liquefy gelatin. 


Gelatin liquefying strains of coliform bacteria may as a rule be differentiated from non- 
liquefying strains by other characters. Thus the former are in almost all instances Koser- 
positive. They include generally all those Koser-positive types which are either (1) motile, 
indole-negative and Voges-Proskauer-positive, e.g. Bact. cloacae types, or (2) non-motile, 
indole-positive, Voges-Proskauer-positive, e.g. Bact. oxylccus types. MacConkey’s types, 
Nos. 36 and 70, are proteolytic but are not included in either of these categories. They are 
Koser-positive, motile, indole-negative and Voges-Proskauer-negative. They resemble in 
these characters certain non-proteolytic types, e.g. MacConkey’s Nos. 7, 74 and 109, but 
they can be distinguished from the latter by other biochemical reactions, and in any case 
they are of comparatively rare occurrence. 
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The inositol reactions corresponded very closely with the adonitol with 
the exception of a small group of typical Bact. coli strains (inositol-negative, 
Koser-negative, indole-positive and Voges-Proskauer-negative) which were 
adonitol-positive, e.g. MacConkey’s B, Nos. 1, 2, 33 and 100. These strains, 
like all other strains which were both Koser- and Voges-Proskauer-negative, 
gave in all instances negative inositol reactions. A similar correlation was 
obtained with coliform strains isolated from milk(1). It is noteworthy that 
while the inositol reactions of certain types showed this correlation, they 
differed from the inositol reactions noted by MacConkey for types which were 
similar to them in all their other characters. Thus these cultures isolated in 
the present investigation which appeared to be of MacConkey’s types Nos. 
66 and 97 were found to be inositol-positive instead of negative, and those 
of type No. 75 were found to be negative instead of positive. Further, the 
cultures which were apparently of type No. 104 gave positive inositol reactions, 
and those of type No. 109 gave negative reactions, whereas according to 
MacConkey they both produce acid only in inositol. All the inositol-positive 
cultures were Koser-positive, but the inositol-negative cultures varied in their 
Koser reactions. Of the latter types those which were indole-negative gave 
without exception Koser-positive reactions, e.g. Bact. cloacae types, and those 
which were indole-positive gave in most instances Koser-negative reactions, 
e.g. the Bact. coli types. The Koser-negative cultures were invariably inositol- 
negative. The majority of the inositol fermenters were Voges-Proskauer- 
positive. The inositol-positive cultures were most frequently non-motile. The 
exceptions were chiefly atypical (inositol-positive) cultures of MacConkey’s 
type No. 108 and cultures of type No. 102. The absence of motility in inositol- 
positive strains can be readily accounted for by the fact that such organisms 
have generally mucoid capsules (2). 

There was a very high negative correlation between the Koser citrate and 
indole reactions apart from strains which were both indole- and imositol- 
positive (e.g. MacConkey’s types, Nos. 65, 97 and 101). These were in- 
variably Koser-positive (see also the previous investigation (1)). Accordingly 
indole-negative cultures were generally Koser-positive, while indole-positive 
cultures were Koser-positive or negative according to whether the inositol re- 
actions were positive or negative. This correlation between the Koser and indole 
reactions held good irrespective of the nature of the Voges-Proskauer reaction. 
However, the Koser-negative strains were all Voges-Proskauer-negative, while 
the Koser-positive strains were most frequently Voges-Proskauer-positive. 
Voges-Proskauer-negative cultures were most frequently inositol-negative, 
but Voges-Proskauer-positive cultures varied in their inositol reactions, 
ninety-one being inositol-negative and 121 inositol-positive. While all the 
Voges-Proskauer-positive cultures were Koser-positive, sixty-three of the 
Voges-Proskauer-negative cultures were Koser-positive and 330 were Koser- 
negative. Voges-Proskauer-negative cultures were most frequently (352 out 
of 393) indole-positive and Voges-Proskauer-positive cultures were in most 
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cases (175 out of 202) indole-negative. There was not, however, so high a 
correlation between the Voges-Proskauer reaction and the Koser reaction as 
there was between the indole and the latter. 

With regard to Table III the organisms of group 1 are Bact. coli types and 
include MacConkey’s types, Nos. 1, 2, 4, 5, 33, 34, 35, 71, 72, 100, 106 and 107. 
Most of the cultures in the group were motile (292 out of 330) and only thirty 
out of the 330 gave positive adonitol reactions. While the majority of the 
cultures were positive in sucrose and dulcitol, these reactions were of little 
significance apart from their employment for differentiating species within 
the group. All the cultures were inulin-negative. The organisms of group 5 
are Bact. cloacae types. They include MacConkey’s types, Nos. 3, 69, 73, 105 
and 108. Most of the cultures (seventy-six out of eighty-five) were motile 
and only two fermented adonitol. They all gave positive sucrose reactions. 
With regard to their inositol and adonitol reactions and possession of motility, 
these organisms were very similar to group 1, 7.e. to the Bact. coli types. 
The members of group 9 are Bact. aerogenes types and include MacConkey’s 
types, Nos. 67, 98 and 103. In most instances they were non-motile. Only 
a few strains (five out of ninety) failed to ferment adonitol. They all fermented 
sucrose. These organisms differed greatly from those of groups | and 5, 7.e. 
the Bact. coli and Bact. cloacae types, in that they were inositol- and adonitol- 
positive and in most instances non-motile. Group 7 includes Bact. oxytocus 
types, e.g. MacConkey’s types, Nos. 65 and 97. The cultures belonging to this 
group resembled Bact. aerogenes, as they were not only inositol-positive but 
in most instances adonitol-positive and non-motile. It would therefore appear 
that the Bact. cloacae and Bact. oxrytocus types are intermediate in their 
characters between the Bact. coli and Bact. aerogenes types, the Bact. cloacae 
types being closely allied to Bact. coli, and the Bact. oxytocus types to Bact. 
aerogenes. The remaining groups, Nos. 2, 3, 4, 6 and 8, are intermediate in 
type with regard to the inositol, Koser, indole and Voges-Proskauer reactions. 
Group 4 includes MacConkey’s types, Nos. 7, 36, 74 and 109; group 6 includes 
type 101; group 8 includes types 68, 99 and 104. The cultures belonging 
to groups 6 and 8 were inositol fermenters, which appeared to be more 
closely allied to groups 7 and 9 (the other groups of inositol-fermenting 
organisms) than to groups 1 and 5. The members of these four groups of 
inositol fermenters were Koser-positive. They produced mucoid colonies and 
were in most instances non-motile, adonitol-positive and sucrose-positive. On 
the other hand, groups 2, 3 and 4 were inositol non-fermenters and resembled 
the other non-fermenters, i.e. groups 1 and 5, in that they were as a rule 
motile and adonitol-negative. 


Discussion. 


Regarding the incidence of coliform types in bovine faeces, it has been 
definitely established by the work of numerous investigators that the typical 
Bact. coli are the most prevalent and characteristic types of coliform bacteria 
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in faeces of human and animal origin. Strains of these types can be obtained 
from most, if not all, specimens of faeces. The results of the present investiga- 
tion are in agreement with these findings. Typical Bact. coli strains were 
obtained from 107 out of 114 specimens of bovine faeces. Failure to obtain 
them in seven specimens was very possibly due, not to their absence from 
the faeces, but to various factors which prevented their isolation, e.g. over- 
growth of Proteus and other organisms in the cultures. However, Dorner(‘) 
frequently failed to obtain coliform organisms of any type from specimens of 
bovine faeces. The particular MacConkey types which were as a rule obtained 
were those which are also found most frequently in human faeces, namely, 
Nos. 71 and 34(2, 7.8). 

With regard to the aerogenes-cloacae types of coliform bacteria, there is 
still a difference of opinion as to their incidence in human and animal faeces. 
According to the findings of most workers, such types are seldom present 
in faeces, but are the most prevalent coliform types in the soil, on plants 
and grains and in water. These investigators conclude that such bacteria are 
not normal inhabitants of the human and animal intestine, and are conse- 
quently to be regarded as non-faecal organisms. On the other hand, other 
workers have frequently obtained aerogenes-cloacae strains from faeces. 
MacConkey (13, 14) isolated his strains of No. 65 (Bact. oxytocus type) and 
No. 103 (Bact. lactis aerogenes type) most frequently from human faeces and 
in only a few cases from soil and cheese. He failed to find any in animal 
faeces and on grains. Rogers, Clark and Evans(7) rarely found aerogenes 
types in bovine faeces, but Rogers, Clark and Lubs(4) frequently obtained 
them in human faeces. Of 177 strains, which they isolated from human faeces 
after preliminary enrichment in milk at 20° C., forty-six were aerogenes types. 
Allen (5) showed that 8-4 per cent. of the total bacteria present in fresh bovine 
faeces were of Bact. aerogenes type. Dorner(6) found that at certain periods 
Bact. aerogenes types appeared to predominate strongly, but at other periods 
Bact. coli. Ford (18) states that Bact. aerogenes occurs chiefly in bovine faeces, 
while, according to Sherman (19), aerogenes types occur constantly in animal 
faeces though in relatively small numbers. Cruickshank and Cruickshank (7) 
and Hay(s) showed by enrichment methods that such organisms were present 
in small numbers in most specimens of normal human faeces. The results 
obtained in the present investigation are in accordance with the findings of 
the latter group of workers. While Bact. aerogenes, Bact. cloacae and other 
Koser-positive cultures were seldom obtained from specimens of bovine faeces 
by the ordinary methods of isolation, they were found in most specimens when 
special enrichment methods were used. 

Accordingly it would appear that such organisms are normally present in 
the intestines, but in small numbers compared with Bact. coli types. Further, 
the fact that they cannot be readily isolated by the ordinary methods, in 
both summer and winter faeces, shows that as a rule they occur relatively 
scantily in faeces, no matter whether the cows are at pasture or receiving 
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house-feeding. It was found that they could be obtained much more readily 
from the specimens from particular cows. Their apparently greater incidence 
in these specimens could not be accounted for by differences in the feeding 
and treatment of the cows, as such specimens were met with both in the 
summer and winter periods. Further, only one or two specimens might exhibit 
this peculiarity out of a set of ten specimens obtained simultaneously from 
the same farm from cows receiving the same feeding and treatment. Dorner (6) 
found that the number of coliform organisms (coli-aerogenes-cloacae types) in 
faeces varied greatly with individual cows, and that this variation could not 
be attributed to the feeding, consistency of the faeces or intestinal conditions. 
On the other hand, Hay (8) found that the relative numbers of Bact. aerogenes 
types in human faeces were greater in diarrhoeal conditions. 

It may be concluded that although aerogenes-cloacae types may be the 
most prevalent coliform organisms in soil and on fodder and grains, they are 
also normal inhabitants of the intestines, are commonly present in faeces, and 
therefore they cannot be regarded as non-faecal bacteria. 


SUMMARY. 


1. In an examination of the coliform flora of 114 specimens of bovine 
faeces, 342 cultures of coliform bacteria were isolated by the ordinary methods. 
Of the cultures obtained, 330 (or 96-4 per cent.) were typical Bact. coli and 
only twelve (or 3-5 per cent.) were of Bact. aerogenes, Bact. cloacae and other 
Koser-positive types. The most prevalent types of Bact. coli were MacConkey’s 
B, No. 71 or Bact. coli communior (185 cultures or 56 per cent.), MacConkey’s B, 
No. 34, or Bact. coli communis Escherich (sixty-nine cultures or 20-9 per cent.), 
and MacConkey’s B, No. 1 (twenty-three cultures or 6-9 per cent.). 

2. One hundred further specimens of bovine faeces were examined by 
various enrichment methods, 253 cultures of Bact. aerogenes, Bact. cloacae 
and other Koser-positive types of coliform bacteria being isolated from ninety- 
five of them. Eighty-three (or 32-7 per cent.) of the cultures were of Bact. 
cloacae types and eighty-six (or 33-9 per cent.) of Bact. aerogenes types. It 
would appear, therefore, that Koser-positive coliform organisms are practically 
always present in bovine faeces, although they occur normally in small 
numbers. Various workers have found that a similar state of affairs obtains 
for human faeces. 

3. There was no significant variation in the types of coliform bacteria 
in the faeces with winter and summer conditions. 

4. Aerogenes-cloacae types can be enriched prior to plating either by means 
of (a) peptone water containing certain concentrations of brilliant green, or 
(b) Koser’s fluid citrate medium. More than one subculturing (two in the 
case of brilliant green peptone water and three in the case of Koser’s medium) 
in the enrichment medium gives the most satisfactory results. Proteus types 
grow abundantly in Koser’s medium, but are checked by the addition of 
1: 1000 to 1 : 2000 copper sulphate. 
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5. A classification of the coliform group of organisms based on the inositol, 
Koser citrate, indole and Voges-Proskauer reactions is suggested. All the 
inositol-positive cultures were Koser-positive, while the inositol-negative cul- 


tures were Koser-positive or negative as a rule according to whether the indole 
reactions were negative or positive respectively. The inositol-positive cultures 
were generally non-motile. There is a close agreement between the inositol 
and the adonitol reactions, except for a small group of adonitol-positive 
typical Bact. coli, which, like all other Voges-Proskauer-negative, Koser- 
negative types, were inositol-negative. There was a high negative correlation 
between the Koser citrate and indole reactions apart from strains which were 
both indole- and inositol-positive. The latter were invariably Koser-positive. 
Further, Koser-negative cultures were in all instances Voges-Proskauer- 
negative, while Koser-positive cultures were most frequently Voges-Proskauer- 
positive. The correlation was not so high between the Voges-Proskauer reac- 
tion and the Koser reaction as it was between the indole and this reaction. 
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121. DIACETYL IN COLD-STORED BUTTERS 


By C. R. BARNICOAT. 
Dairy Research Institute (N.Z.), Department of Scientific and 
Industrial Research, Palmerston North, N.Z. 


(With 1 Figure.) 


Ir has long been known that acetyl methyl carbinol, and a trace of its oxida- 
tion product diacetyl, are produced as by-products in the growth of certain 
bacteria (1). Only quite recently, however, has the relation of these substances 
to the flavour of butter been indicated by the work of Van Niel, Kluyver and 
Derx(2). These workers have shown that butter contains from 2 to 4 parts 
per million of diacetyl, and have concluded from the results of various experi- 
ments that this substance is (at least in part) responsible for the typical aroma 
and flavour of butter. 

The investigations of Schmalfuss and Barthmeyer() have shown that 
certain strains of lactic streptococci produce acetyl methyl carbinol in ripened 
cream. When this is made into butter, a portion of the carbinol is retained, 
and is partly oxidised to the flavouring substance, diacetyl, during the course 
of manufacture. Van Niel et al. (2) have found that the citric acid-fermenting 
types of lactic streptococci are the most active producers of the carbinol. Their 
investigation was extended by Michaelian, Farmer and Hammer (4), who found 
that the flavour-producing types are comparatively uncommon among the 
numerous strains of streptococci isolated from various dairy products. These 
workers also made extensive investigations into the effect of various chemical 
and physical factors on the production of the carbinol in starter cultures, and 
have shown that it is only in the later stages of acid development that appre- 
ciable amounts of volatile acids and carbinol + diacetyl appear. 

Other workers have confirmed the presence of diacetyl in butter, and the 
following amounts have been reported: 0-05-0:3 p.p.m. (Schmalfuss and 
Barthmeyer(5)); 0-05-0-5 p.p.m. (Davies(6)); and 3p.p.m. (Testoni and 
Ciusa(7)). It will be seen that there is a rather wide divergence in the higher 
amounts reported, and these are, presumably, those obtained from the more 
highly flavoured types of butter, usually made from cream ripened with 
starter. However, all workers are agreed upon the fact that the diacetyl 
content of butter is roughly proportional to the intensity of its flavour. 
Although it is not to be expected that butters obtained from widely different 
sources and manufactured under various local conditions would give any 
exact quantitative relationship between their diacetyl contents and the grading 
for flavour, the foregoing results are in any case not capable of comparison 

26-2 
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because the workers employed different techniques in their methods of 
chemical analysis. In most publications (or their abstracts) it is difficult to 
decide whether “diacetyl” refers to (i) the actual diacetyl content, (ii) the 
“total diacetyl”, including the precursor, acetyl methyl carbinol, which is 
present in a considerably greater proportion than the diacetyl itself, or (iii) the 
nickel diacetyl dioxime (dimethyl glyoxime) precipitate derived in the course 
of chemical analysis from either (i) or (ii), in which case (ii) the reported 
results are approximately twice the “diacetyl” content actually determined. 
It would appear that most of the published estimations of “diacetyl” refer 
really to the carbinol +diacetyl, and as Van Niel et al. have shown that the 
carefully purified carbinol is without flavour, these results have only a certain 
comparative value. It will be shown elsewhere that the estimations of acetyl 
carbinol and diacetyl are liable to various errors(8), and it is therefore con- 
sidered that many of the values so far recorded are only qualitatively 
significant. 
EXPERIMENTAL. 

Preliminary work, undertaken early in 1934, had shown that several com- 
mercial starters from New Zealand butter factories produced, after 24 hours’ 
growth in skim-milk, from 100 to 130 p.p.m. of carbinol + diacetyl at acidities 
ranging from 0-8 to 0-9 per cent. expressed as lactic acid. These New Zealand 
starters are therefore similar in nature to those reported by the Lowa workers (1) 
as being of the desirable flavour-producing type for use in the American butter 
industry. 

Practical tests were then made on the effect of adding traces of diacetyl 
to mild-flavoured butters, and the results, which confirmed the findings of 
other workers, strikingly demonstrated the effect of even fractions of a part 
per million of diacetyl in imparting a rich aroma to butters made from un- 
ripened cream. Subsequent determinations of the carbinol content of butters 
of the mild-flavoured type, made from creams to which 2 or 3 per cent. of 
starter was added after the creams had been pasteurised and chilled to churning 
temperature (48+1° F.), showed that the potential flavour-producing sub- 
stance, acetyl methyl carbinol, was present in this class of New Zealand butter. 

The present paper reports the results of part of an investigation on butter 
flavour in which the opportunity was afforded to find (i) to what extent acetyl 
methyl carbinol and diacetyl are present in butters of the common “non- 
starter” and less common “starter” New Zealand export types; (ii) whether 
these substances remain unchanged after several months’ commercial frozen 
storage, and (ili) whether the storage changes, if any, are of the same nature 
in butters made from ripened and unripened creams. 

The butters used in these storage experiments formed part of a series made 
at this Institute’s factory early in 1934 from cream purchased from nearby 
butter factories. On delivery at the factory, the cream was treated in ac- 
cordance with standard New Zealand butter-making practice, pasteurised in 
tandem flash pasteurisers, the first operating at approximately 160-165° F. 
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and the second at 198-204° F. The cream was then cooled over a water cooler 
to approximately 65° F. and then over a direct expansion cooler to approxi- 
mately 50° F. It was divided into two equal portions, each being placed in 
an insulated cream-holding vat provided with a water jacket and direct 
expansion coil. Sufficient starter (from 2} to 4 per cent.) was added to one 
vat to flavour the cream without developing acidity exceeding 0-13-0-15. 
Finally the cream was held at the chilled temperature (48 + 1° F.) overnight, 
usually 18 hours, before being churned. Ordinary churning practice was 
followed up to the working stage. At this point, the churnings were divided 
into two equal parts each of two export box quantities (56 lb.). One-half of 
each churning was then salted and worked. During the working of the other 
two half lots a dilute solution of diacetyl (made from “ Polak’s 50 per cent. 
Diacetyl”) was added, care being taken to work the “non-starter” lot first. 

Thus four types of butter were made from each lot of cream: 

(1) Butter made from pasteurised cream and containing no starter. 

(2) Butter (1) containing 4 p.p.m. of diacetyl added at the working stage. 

(3) Butter made from pasteurised cream containing a small proportion 
of starter and allowed to ripen slightly. 

(4) Butter (3) with 4 p.p.m. of diacetyl added at the working stage. 

The diacetyl solution worked into the butter contained 400 p.p.m. of this 
substance, and was added in the proportion of 1 per cent. of the estimated 
final weight of the butter in the churn. 

The butter containing 4 p.p.m. of diacetyl had an unnaturally harsh flavour 
to those accustomed to the mild flavour of New Zealand butter. Table I shows 
the results relating to 1 day’s churning per week for a period of 5 weeks. 


ANALYTICAL ESTIMATION OF DIACETYL AND ACETYL- 
METHYL-CARBINOL. 


The initial concentrations of carbinol+diacetyl were determined on the 
day after manufacture. Several small boxes of each type of butter were placed 
in a commercial cold store, and frozen at 14-17° F. until required for examina- 
tion. At intervals, boxes of the various samples were removed from the 
freezing chamber, and allowed to thaw for 12-24 hours. The carbinol + diacetyl 
were again determined, and later on, after a suitable method had been de- 
veloped, the actual diacetyl content was also estimated. 

The results for the estimations of carbinol and diacetyl made on the 
butters at various stages of cold storage are given in Table II. 

It will be seen that the initial concentrations of carbinol + diacetyl fluc- 
tuated rather widely (from 3-5 to 4-7 p.p.m., after allowing for that naturally 
present in the sample), and this is no doubt caused by the imperfect diffusion 
of the 1 per cent. of 400 p.p.m. solution of diacetyl worked into the butter 
on the previous day. Estimations made on the other samples of butter after 
several months’ storage show a fair degree of uniformity. 
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Table I. Manufacturing details of experimental butters. 


Date of manufacture... 


8. ii. 34 


15. ii. 34 


Raw cream flavour (grade) Finest First—slimy 
Raw cream bacterial count (ml.) 24 x 10° 34:8 x 108 
Raw cream acidity (%) 0-105 0-10 
Neutraliser added Nil Nil 
Pasteurising temperature: 

Ist past. (° F.) 160-165 150-155 

2nd past. (° F.) 202-204 198-204 
Temperature on delivery to vat (° F.) 52 52 
Acidity on delivery to vat (%) 0-08 0-08 
Cream bacterial count to vat (ml.) 510 1500 

— —" 
(a) (b) (a) (b) 

Starter added (%%) Nil 4 Nil 3 
Starter acidity (°%) —_ 0-85 — 0-83 
Cream acidity after starter added (94) — 0-115 — O-11 
Temperature when starter added (° F.) — 49 — 7 
Cream acidity when churned (°%) 0-08 0135 O08 0-12 
Temperature when churned (° F.) 49 49 46 46 
Ripening period: 

Hours _- 19 -- 21 

Temp. (° F.) — 49 — 47 
pH butter freshly made 6-68 6-40 6-78 6-66 
pH butter after 4 months’ storage 6-80 6-51 681 6°75 
Moisture (°,) 15-6 15-9 155 156 
Salt (°%) 15 1-4 1-5 1-5 
Curd (°) 0-60 065 O70 0-70 


(a) 
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22. ii. 34 
Finest 
3-6 x 108 
0-115 
Nil 


165-170 
200-202 
52 

0-09 
1070 


A 


(b) 
23 
0-86 
0-11 
50 
0-135 
49 





(a) 
Nil 


0-09 
49 


19 

49 
6-18 
6-13 

15-6 
1-4 
0:65 


6:56 
6-47 
15:3 
1-5 
0-65 


Table Il. Changes in diacetyl content of butter during cold 


ii. 34: 
Diacetyl 
Carbinol + diacetyl 
Diacetyl 
Carbinol + diacetyl 
Diacetyl 
Carbinol +diacetyl 
Diacetyl 
Carbinol +diacetyl 


Butter manufactured 15. 
(1) Non-starter butter 


(2) Starter butter 


(3) Non-starter butter 
+4 p.p.m. diacetyl 
(4) Starter butter 
+4 p.p.m. diacetyl 


(b) Butter manufactured 22. ii. 34: 
(1) Non-starter butter — Diacetyl 
Carbinol +diacetyl 
(2) Starter butter Diacetyl 
Carbinol +diacetyl 
(3) Non-starter butter — Diacety] 
+4p.p.m. diacetyl Carbinol +diacetyl 
(4) Starter butter Diacetyl 
+4 p.p.m. diacetyl Carbinol +diacetyl 
(c) Butter manufactured 1. iii. 34: 
(1) Non-starter butter — Diacetyl 
Carbinol + diacetyl 
(2) Starter butter Diacetyl 
Carbinol + diacetyl 
(3) Non-starter butter — Diacetyl 
+4 p.p.m. diacetyl Carbinol +diacetyl 
(4) Starter butter Diacetyl 
+4 p.p.m. diacetyl Carbinol +diacetyl 
(d) Butter manufactured 8. iii. 34: 
(1) Non-starter butter — Diacetyl 
Carbinol +diacetyl 
(2) Starter butter Diacetyl 


Carbinol +diacetyl 
Diacetyl 
Carbinol +diacetyl 
Diacetyl 
Carbinol +diacetyl 


(3) Non-starter butter 
+4 p.p.m. diacetyl 
(4) Starter butter 
+4 p.p.m. diacetyl 


Initial 
p-p.m, 
Not determined 


Ni 

Not determined 
ft | 

Not determined 
3:8 


Not determined 


A-¢ 


Initial 
p-p.m. 
Not determined 
0-5 
Not determined 


Not determined 
4-0 
Not determined 
5:3 
Initial 
p-p.m, 
Not determined 
ye 
Not determined 
0-9 
Not determined 
3-5 


Not determined 
4:8 


Initial 
p-p-m. 


Not determined 
0-6 

Not determined 
2-0 

Not determined 
4-7 


‘ 
Not determined 
6-7 


66 days 
p-p.m. 
Not determined 
Not determined 
Not determined 
Not determined 
Not determined 
2-6 
Not determined 
3-5 


70 days 
p-p-m. 
Not determined 
Not determined 
Not determined 
Not determined 
Not determined 
9 


Not determined 
of 
67 days 
p-p.m. 
Not determined 
Not determined 
Not determined 
Not determined 
Not determined 
2-9 
Not determined 
45 
67 days 
p-p-m. 
Not determined 
Not determined 
Not determined 
Not determined 
Not determined 
2-6 


Not determined 





1. iii, 34 8. iii. 34 
Finest First 
9-1 x 108 13-9 « 108 
0-13 0-105 
Nil Nil 
160-165 160-165 
200-202 200-202 
52 51 
0-105 0-075 
8350 220 
—_—_— ————_. 
(a) (b) (a) (b) 
Nil 23 Nil 8 
“= 0-91 _— 0-84 
— 0-13 —- 0-105 
— 51 - 19 
0-105 0-15 0-105 0-13 
50 50 48 1s 
— 18} _ 19 
_ 51 — 49 
6-28 6-02 671 633 
6°35 O16 6-54 6°25 
15:7 15-5 15-3 15:2 
1-5 L-5 1-5 15 
0-60 0-65 0-60 0-60 
storage at 14-17° F. 

96 days 146 days 193 days 
p-p.m. p.p.m. p.p.m, 
Nil Notdetermined Nil 
Nil Not determined Trace 
Nil Notdetermined Nil 
10 Notdetermined 08 
2°5 2:8 2-7 
2:8 2-9 2.9 
2-8 2-8 2-4 
3:3 3-6 33 
98 days 139 days —_-193 days 
p-p.m. p.p-m. p-p.m. 
Nil Notdetermined Nil 
0-5 Notdetermined 0-4 
Trace Not determined Trace 
1-1 Not determined 2 
3-0 2. 2-7 
3-2 2:8 3-0 
1-7 2-4 25 
5-0 3-0 4-4 
105 days 146 days 193 days 
p-p.m. p-p-m. p-p.m. 
Nil Notdetermined Nil 
0-2 Notdetermined 0:2 
0:2 Notdetermined Nil 
1-1 Not determined 1-1 
2-1 5 25 
3-2 2-6 29 
2-8 2-0 29 
4-7 4:7 4:9 
105 days 139 days 189 days 
p-p.m. p-p.m. p-p-m. 
Nil Notdetermined Nil 
0-5 Notdetermined 0-4 
0-4 Notdetermined 0:2 
2: Not determined 18 
2-0 2-7 2:8 
3-1 3-1 28 
2-2 2-4 28 
4:9 45 45 
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THE CARBINOL AND DIACETYL CONTENT OF BUTTERS MADE FROM 
SLIGHTLY RIPENED CREAM. 

With the normal samples (1 and 2 in each of the series shown in Table IT) 
it is interesting to find that the total carbinol + diacetyl content remains fairly 
constant throughout the prolonged period of frozen storage. Only in the 
starter butters, made from slightly ripened cream, has any of the carbinol 
been converted (within the limits of detection) to the oxidised flavouring 
substance diacetyl. In the two starter butters in which traces of diacetyl 
were found (No. 2, 1. iii. 34 and No. 2, 8. iii. 34) less is present after 6 months 
than when first determined after 3 months’ storage. Unfortunately the 
technique for the estimation of traces of diacetyl was not developed before 
the 3 months-old samples were removed from cold storage, and the initial 
amounts of diacetyl were therefore not obtained. The work is, however, being 
continued. 

All of the starter butters (typical of the mild-flavoured product manu- 
factured in New Zealand, Australia and the United States) contained con- 
siderable amounts of carbinol + diacetyl (0-7-2-3 p.p.m.), the higher amounts 
found being even greater than the “diacetyl” reported by some other workers 
(vide infra) from European butters. Although these experimental butters were 
of the mild-flavoured type, considerably more starter had been used in their 
manufacture than is general in New Zealand practice. 

It will also be seen that even butters made from unripened pasteurised 
fresh cream may contain traces of acetyl methyl carbinol. 


THE ORIGIN OF CARBINOL AND DIACETYL IN BUTTERS MADE FROM 
SLIGHTLY RIPENED CREAM. 

The carbinol + diacetyl contents of the five butters prepared under identical 
manufacturing conditions on the 5 days detailed in Table I do not show any 
obvious correlation with the acidities developed during the ripening of the 
cream. 

In the butters made from ripened cream, the carbinol+diacetyl found is 
roughly parallel with the total rise in acidity during the ripening period. When 
the small amounts of these substances in the butters made from the same 
creams prior to ripening (“‘non-starter” series) are deducted, this relationship 
no longer holds. 

The development of carbinol + diacetyl in a typical starter which had been 
in continual use for more than | year is shown in Fig. 1. One per cent. of 
the starter was sown in steamed skim milk and kept at 30° C. 

Unless the production of carbinol and diacetyl by a starter culture growing 
in cream is markedly different from its action in skim milk, it may be seen 
that there is very little of these substances developed when cream is ripened 
to the small extent common in the manufacture of mild-flavoured butters. 
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(It may be noted that the butters made on 22. ii. 34, 1. ili. 34 and 8. iii. 34 
are strictly comparable as the same starter was used in each case.) 

The five samples of cream manufactured into butters used in this investi- 
gation contained, when in the holding vats, from 37-5 to 40-0 per cent. of fat. 


starter 
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Fig. 1. Graph showing development of carbinol + diacetyl by starter growing in skim-milk at 
30°C. (Continuous line = carbinol + diacetyl; discontinuous line = pH value.) 


Table III. Acidities expressed as per cent. lactic acid. 








Cream as received Ripened cream 
(used for the manufacture of (used for the manufacture of “starter” series) 
““non-starter” series) r A 
i . Carbinol +-diacetyl 
Carbinol —_—————_ 
+diacetyl Deduceting 
Original in non- Rise in amountt 
acidity of starter Final acidity Acidity Acidityt non- 
Date of cream as butter acidity at during added as actually Found _ starter 
manufacture received Final* —p.p.m. churning ripening starter developed p.p.m.  p.p.m. 
8. ii. 34 0-105 0-08 <0-1 0-135 0-055 0-035 0-020 1-1 1-1 
15. ii. 34 0-100 0-08 <0-1 0-120 0-040 0-030 0-010 0:8 08 
22. ii. 34 0-115 0-09 0-5 0-135 0-045 0-020 0-025 1-1 06 
1. iii. 34 0-13 0-105 0-2 0-150 0-045 0-025 0-020 1-0 0:8 
8. iii. 34 0-105 0-075 0-5 0-130 0-055 0-030 0-025 2:0 15 


* Lower than original because of rinsing water, etc., and corresponding to acidity of cream used for “non-starter” 
series. 

+ Final acidity of ripened cream minus (final acidity of unripened cream plus acidity added with the starter). 

t Carbinol +diacetyl developed by starter, i.e. amount found in starter butters minus amount found in butters made 
from the same cream without ripening. 


Even with the highest acid development during ripening (8. iii. 34 (Table IT1)), 
the acidity developed in the serum would be only 4%° x 0-025 =0-04 per cent., 
which corresponds to only 1-0 p.p.m. of carbinol+diacetyl (from Fig. 1), or 
less than 1 p.p.m. in the cream itself. 
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As mentioned previously, starters used in New Zealand butter factories 
have been found to contain from 100 to 130 p.p.m. of carbinol + diacetyl at 
acidities from 0-8 to 0-9 per cent. after 24 hours’ growth, and these, when 
used as in these experiments at the rate of from 2} to 4 per cent. in the cream, 
would add to it from 2-5 to 5-2 p.p.m. of carbinol + diacetyl. 

No doubt most of the flavour-producing substances present in butter made 
from slightly ripened cream are not developed during the ripening process 
but are added preformed in the starter. This belief is strengthened by the 
fact, clearly demonstrated in other experiments carried out at this Institute, 
that butter made from cream to which only $ per cent. starter was added and 
in which no acidity was developed had a distinct “lactic” aroma. 


BACTERIAL COUNTS OF BUTTER. 


When the final four butters from each of the four series shown in Table II 
were removed from store, the bacterial counts were determined using yeast- 
whey agar as a medium.! Table IV shows the results obtained. 


Table IV. 


Bacterial count 


Date No. Type of butter per g. 

15. ii. 34 1 Non-starter 230,000 
2 Starter 660,000 

3 Non-starter + diacetyl 1,440,000 

4 Starter + diacetyl 1,290,000 

22. ii. 34 ] Non-starter 140,000 
2 Starter 40,000 

3 Non-starter + diacetyl 30,000 

4 Starter + diacetyl 80,000 

1. iii. 34 l Non-starter 240,000 
2 Starter 420,000 

3 Non-starter + diacetyl 200,000 

4 Starter + diacetyl 230,000 

8. iii. 34 1 Non-starter 30,000 
2 Starter 60,000 

3 Non-starter + diacetyl 200,000 

4 Starter + diacetyl 50,000 


It will be seen that there appears to be no relation between the carbinol + 
diacetyl naturally present in the butters and the final bacterial count. This is 
in accordance with previous observations made at this Institute (unpublished), 
in which it was found that the final bacterial count of stored butter bears no 
relation to the initial count of the ripened cream or of the freshly made butter. 


THE RETENTION OF CARBINOL+ DIACETYL IN THE MANUFACTURED BUTTER. 


In the series of “starter” butters quoted herein it has been calculated 
that the proportion of carbinol+diacetyl present in the butter is roughly 
one-fifth of that in the original cream. Butter contains, on the average, 
approximately 10 per cent. of buttermilk, which is also about one-sixth of 


1 The bacterial counts were kindly determined by Mr N. J. Ellison. 
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the proportion present in the original cream(9). It would therefore appear 
probable that the final concentration of carbinol+diacetyl in butter is de- 
pendent upon the amount of buttermilk retained, as it is probable that these 
substances are held in the aqueous portion, possibly adsorbed on the protein, 
rather than dissolved in the fat. Moreover, there does not appear to have 
been any extraction of the carbinol +diacetyl during the customary washing 
process in the final stages of the butter manufacture. 


THE FATE OF ADDED DIACETYL DURING PROLONGED COLD STORAGE. 

The averages of the results obtained for the samples of butter to which 
diacetyl was added, given in Table II, have been tabulated after deducting 
(where necessary) the small amounts of diacetyl, or carbinol+diacety| 


naturally present in the sample. 


Table V. 


Average period of storage ... Initial 68 101 143 192 
(1 day) days days days days 
Non-starter butters (p.p.m.): 
Diacety] Not determined Not determined 2-4 23 2-7 
Carbinol + diacetyl 3-6 2-5 2-8 2-4 2-7 
Starter butters (p.p.m.): 
Diacety] Not determined Not determined 2-2 2°3 2-6 
Carbinol + diacetyl 4-2 3-4 3-1 2-8 3-1 


These results illustrate the order of change which might be expected in 
the diacetyl content of highly flavoured butters containing relatively large 
amounts of diacetyl developed by natural means. 

The changes apparent at the first examination (which was not made until 
after the samples had been held for 2 months in cold storage) occurred, in all 
probability, at the beginning of the storage period before the butter was 
actually frozen, and would appear to have proceeded no further even after 
6 months’ holding. The differences between the changes observed in the starter 


and non-starter butters are shown in Table VI. 


Table VI. Diacetyl added =4 p.p.m. 


Average after 2-6 months’ cold storage 





¢ be 
Non-starter butters Starter butters 
Diacetyl (p.p.m.) 2-5 (40-2) 2-4 (+0-2) 
Carbinol + diacetyl (p.p.m.) 2-6 (40:2) 3-1 (40-3) 
Decrease in diacetyl (%) 38 40 
Diacetyl lost (%) 35 22 
18 


Diacetyl reduced (%) 3 
The experimental error is not greater than +10 per cent. 


It is considered that the diacetyl which has disappeared during storage 
has been lost through oxidation to simpler substances. This decomposition is 
considerably greater in the non-starter series. In the butters made with 
starter, a certain amount of diacetyl has been lost and a considerable quantity 
of the original diacetyl has also been reduced to the carbinol form. In these 
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starter butters, the lactic streptococci were producing acid and actively 
growing in the cream when churned. It is therefore probable that the reduc- 
tion of the diacetyl to the carbinol form, evident in the starter butters, has 
been promoted by the reducing action of the starter bacteria included in the 
butter during its manufacture. 

The amount of diacetyl remaining in the starter and non-starter series is 
practically identical (approximately 60 per cent.), but the starter butters also 
contain a portion of the diacetyl in its reduced (carbinol) form. As it is 
believed that the carbinol is the potential flavour-producing substance, which 
may be transformed to diacetyl under certain conditions, it is‘inferred that 
(from the point of view of aroma alone) the butters made from pasteurised 
cream with starter will maintain a better flavour during storage than butters 
of the non-starter type. 

The loss of diacetyl in the non-starter butters, and to a less extent in the 
starter butters, is considered to be due to oxidation by air. Dilute solutions 
of diacetyl are unstable in the presence of air, while the decomposition of 
diacetyl in oxidised and tallowy samples of butter has been found to be less 
than might be expected. This would indicate that the influence of fat peroxides 
on the degradation of the diacetyl may not be as important as is generally 
supposed. 


The oxidation of diacetyl probably proceeds as follows: 


2CH,COCOCH, +2H,0 +0, > 4CH,COOH 
Diacetyl Acetic acid 


The diacetyl requires only 0-19 of its weight of oxygen for its decomposition 
according to this reaction. If we accept the air content of butter as being 
4 per cent. by volume (10), this is equivalent to about 12 p.p.m. by weight of 
free oxygen. The oxygen required for the decomposition of 4 p.p.m. of diacetyl 
is only 0-76 p.p.m. by weight, and the recorded oxygen content of freshly 
made butter is therefore about 16 times this amount. It may therefore appear 
rather surprising that more of the diacetyl has not been oxidised, or that, in 
the starter butters, any portion of it has been actually reduced in the presence 
of the relatively large amount of oxygen. 

Dyer has shown, however, that the free oxygen present in low-acid butter 
is used up fairly rapidly at 32° F., but hardly at all on prolonged storage 
at 0° F.(11). The storage temperature of the butters reported in this paper 
(14-17° F.) was intermediate between these, and, it must be stated, the con- 
ditions of manufacture were also somewhat different. Dyer considers that 
the non-fatty substances undergo a slow oxidation, which accounts for the 
removal of most of the oxygen. Certainly we have never encountered butters 
of edible quality with fat peroxide values approaching that which would be 
given by the addition of 12 p.p.m. by weight of free oxygen to the unsaturated 
fats. Whatever the fate of the free oxygen has been, it is probable that the 
4 p.p.m. of diacetyl has been able to participate to only a minor extent in its 
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action, because of the overwhelming competition caused by the presence of 
other oxidisable substances in the butter. 


SUMMARY. 

1. Acetyl methyl carbinol and diacetyl are present in New Zealand butters 
made from slightly ripened cream. 

2. Most of the carbinol+diacetyl found in such butters would appear to 
have been added with the starter to the cream, rather than developed during 
the customary mild ripening process. 

3. Little change in the natural carbinol + diacetyl content of butter occurs 
during cold storage at 14-17° F. for more than 6 months. 

4, Larger amounts of diacetyl (4 p.p.m.) added to butters made from 
cream with and without the use of starter, show considerable losses after 
several months’ cold storage. The losses are of the same order, but, with the 
butters made with starter, part of the diacetyl has merely been reduced to 
its precursor (carbinol) form. 


The author is grateful to Prof. W. Riddet and to Dr F. H. McDowall for 
helpful criticism and also for the manufacturing data given in Table I of this 
publication. 
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122. THE FUNCTION OF PEPSIN AND RENNET 
IN THE RIPENING OF CHEDDAR CHEESE 


By I. R. SHERWOOD. 
Dairy Research Institute (N.Z.), Palmerston North, New Zealand. 


(With 6 Figures.) 


In a recent communication(1) from this Institute evidence was submitted 
tending to show that the proteolytic activity of the starter streptococci is an 
unimportant factor in the nitrogen changes which occur in the course of 
cheese-ripening. Further work (2) indicated that the attack upon cheese protein 
is due almost entirely to the proteolytic enzymes of the rennet retained in 
the cheese. After completion of the latter investigation, it was felt that 
valuable confirmatory evidence for this important role assigned to the rennet 
might be obtained by varying the type and proportion of enzyme employed 
as coagulant during cheese manufacture. It was decided, therefore, to make 
use of pepsin as well as rennet for coagulating the cheese milk. 

Pepsin has long been an accepted substitute for rennet in cheese-making, 
attention being especially directed to its use during the late war when supplies 
of rennet became severely restricted. A number of workers have established 
the fact that the replacement of rennet by pepsin in the manufacturing process 
has no appreciable influence upon the commercial quality of the resulting 
cheese (3). 

In the present investigation, cheeses were manufactured with pepsin as 
a substitute for rennet, and also with the use of increased proportions of rennet 
over the normal. Three series of experimental cheeses were made. In the first 
two series two samples of pepsin, of somewhat different proteolytic action, 
were employed for coagulating the milk. The third series of experiments was 
concerned with the effect of increasing the proportion of rennet. In all these 
cheeses the course of protein breakdown which occurred during ripening was 
followed by chemical analysis, employing the modified technique of Wasteneys 
and Borsook(). In addition, the cheeses were examined at intervals by 
competent judges. 

After this work had been completed, a paper by Davies et al. (4) appeared, 
describing the employment in cheese-making experiments of solutions of 
pepsin, and of rennet treated so as to destroy separately the contained 
“pepsin” and “rennin”. No measurements of the proteolytic activity of the 
enzymes before and after treatment were recorded, but the absence of any 
consistent differences in nitrogen partition occurring in cheeses manufactured 
with the use of these preparations as milk coagulants was adduced as evidence 
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that rennet and pepsin played a minor part in cheese-ripening. These con- 
clusions prompted the extension of the present investigation to include an 
examination of the proteolytic activity of rennet and of pepsin treated in the 
manner described by the above workers. 


THE DETERMINATION OF ENZYME ACTIVITY IN MILK. 


In order to form an estimate of the relative proteolysis which the various 
coagulating enzymes might be expected to produce in cheeses made with their 
use, preliminary measurements were made of the nitrogen changes brought 
about by these enzymes in milk. In this way it was possible to determine 
their relative proteolytic activity very rapidly, and in the absence of bacterial 
action (inhibited by the addition of chloroform). 

Raw skimmed milk was employed, portions of } litre being taken, all from 
the same sample. After the addition of chloroform (2 per cent.) and the 
requisite enzyme solution, the flasks were kept at 20°C. for 5 days, with 
occasional shaking. At the end of this period, the nitrogen partition induced 
in the milk was determined by the modified method of Wasteneys and Borsook 
described in an earlier communication (1). 


THE EFFECT OF VARYING CONCENTRATIONS OF RENNET AND PEPSIN 
UPON THE PROTEIN DEGRADATION INDUCED IN MILK. 

Early in the course of this work it was discovered that varying the con- 
centration of rennet or pepsin leads to alteration in the type of degradation 
brought about in milk. As far as can be ascertained, no previous mention of 
this phenomenon is to be found in the literature. The magnitude of the effect 
observed is indicated in Table I. 


Table I. The effect of varying concentrations of rennet and pepsin 
upon the degradation induced in milk. 
Rennet (%) Pepsin B.D.H. (%) 








0-03 0-1 0-3 1-0 3-0 0-02 0-06 0-2 0-6 
Non-protein N (as per- 3:54 3:76 4:29 5:38 7-84 2:59 286 373 7-51 
centage of total N) 
Expressed as percentage 
of non-protein N: 


Proteose N 77-4 74-0 70-9 66:7 62:8 80-1 78-0 66:5 47-9 
Peptone N 7-0 6-8 8-7 95 10-4 9-7 66 204 34-6 
Subpeptone N 15-6 19-1 20-4 23-6 26-8 10-2 15-4 13-1 17-5 


For each enzyme, increasing concentration leads to more complete protein 
breakdown (diminished relative percentage of proteose), the effect becoming 
especially marked with high concentrations. Since the rate of change in 
partition with increasing enzyme concentration becomes so much greater at 
high concentrations of enzyme, it is clear that, in experiments upon com- 
parative proteolysis, the use of unduly high enzyme proportions is not likely 
to yield accurate results, and consequently should be avoided. 
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PROTEOLYSIS INDUCED IN MILK BY THE COAGULANTS EMPLOYED. 


The rennet and solutions (6-25 per cent.) of pepsin which were employed 
later in the cheese-making experiments were added to milk (3 litre) in such 
proportions as had been found by preliminary experiments to produce in 
5 days approximately the same extent of protein breakdown. 

Table II gives the results of analysis: 


Table Il. The proteolysis brought about in milk by 
samples of pepsin and rennet. 


Pepsin Pepsin 
Sample | Sample 2 
B.D.H. 6-259, Rennet B.D.H. 625°,  Rennet 
Amount of enzyme solution (ml.) 7-0 2-5 7-0 2-5 
Non-protein N (as percentage of 4-32 4-09 4-37 4-18 
total N) 
Expressed as percentage of non- 
protein N: 
Proteose N 58-7 71-0 71:7 74-6 
Peptone N 34-6 9-1 13-3 71 
Subpeptone N 6-7 19-9 15-0 18-3 


The pepsin solutions used were considerably weaker in proteolytic power 
than the rennet since it took nearly three times as much pepsin as it did 
rennet to produce the same total breakdown. 

It will also be noted that the second sample of pepsin produced very 
nearly the same type of nitrogen partition as that brought about by the rennet 
used. Pepsin sample 1, however, induced an appreciably different type of 
degradation, the relative amount of proteose being diminished and the peptone 
increased in comparison with the partition brought about by the rennet. 


THE MANUFACTURE OF CHEESE WITH VARYING TYPES AND 
AMOUNTS OF COAGULATING ENZYMES, 


Milk of good quality from the Massey Agricultural College herd, flash 
pasteurised at 155° F., was employed in normal cheese-making procedure. 
In all the vats, on any one day, equal proportions of the same starter were 
used. The experiments were divided into three series, and each series was 
repeated twice. 

In series 1, three vats of milk were used; one was set with rennet, the 
second with pepsin (sample 1), and the third with a mixture of rennet and 
pepsin (sample 1), one-half of the proportion of coagulant used in each of 
the other vats being added. In the second series two vats were employed, 
one being set with rennet while to the other pepsin (sample 2) was added as 
coagulant. Two vats were run in series 3, one containing the normal amount 
of rennet (4 oz. per 1000 lb. milk) and the other twice this amount. 

The pepsin solutions (6-25 per cent.) used in series 1 and 2 were made up 
just before use. The proportion of pepsin solution added in series 1 (4 oz. per 
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1000 lb. milk)—approximately the amount recommended by Lucas (3)—was 
decided by the Monrad test. This test, however, proved misleading, the use 
of the indicated amount of pepsin resulting in a much longer coagulation time, 
e.g. 1 hour as compared with $ hour in the case of rennet. (Indeed, one sample 
of pepsin (Merck) was encountered which, employed in the proportion indi- 
cated by the above test, proved to be quite impracticable as a coagulant, the 
milk remaining unset over a period of several hours.) In order to reduce this 
prolonged coagulation time, in series 2 the proportion of pepsin was increased 
somewhat, 1} times the amount calculated from the Monrad test being em- 
ployed. Even this proportion was found to be insufficient, the milk, which 
was usually ripened to 0-185 per cent. lactic acid (an increase of 0-20 per cent. 
from the original acidity of the milk), still coagulating much more slowly than 
with the rennet. A ripening of the milk to 0-195 per cent. lactic acid (an 
increase of 0-30 per cent.), however, was found to eliminate the difference in 
coagulating time. 

Cheese manufacture was carefully controlled, so that the rates of acid 
development were as nearly as possible the same in all the vats and the 
moisture contents of the curds similar at each stage. It was found advisable, 
where pepsin was employed, to modify the process of cooking so that in both 
the experimental and control vats the temperatures were raised simul- 
taneously. After milling, the same percentage of salt was incorporated in the 
curd from each vat, and the cheeses (40 lb.) resulting were all ripened in curing 
rooms maintained at a.temperature of 60° F. 

Sampling of cheese. The cheeses analysed were sampled by drawing two 
horizontal plugs, extending to the centre of the cheese, one from the middle 
of the side and the other from a point one-third the distance from the top 
of the cheese. The outer portion of each plug (}in.) was rejected. After 
reserving a portion for bacteriological examination, the remainder was ground 
to a fine paste in a mortar. 

Bacterial counts. Plates were poured with dilutions from 1 g. portions of 
cheese. The use of a yeast whey agar medium and an incubation period of 
2 days at 30° C. was found most satisfactory. 

pH measurements. Electrometric determinations of pH were carried out 
on the cheese solutions employed in the estimation of soluble nitrogen. 

Nitrogen partition. The finely ground cheese was analysed by use of the 
Wasteneys and Borsook method referred to above. 


RESULTS. 


In order to conserve space, the bacterial counts, pH and nitrogen partition 
observed, are expressed in the form of graphs. The graphs refer to the second 
day’s make of cheese for each series. Examination of the first day’s make in 
each instance furnished essentially the same results. 

Figs. 1 and 4 refer to series 1, in which rennet and pepsin (sample 1) were 
employed as coagulants. Figs. 2 and 5 refer to series 2. Rennet and pepsin 
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(sample 2) were the coagulants. Figs. 3 and 6 refer to series 3. Rennet (normal 
strength and double strength) as coagulant. 

In Figs. 1, 2 and 3 are plotted the bacterial counts (logarithms of the 

numbers per g.), pH (10 per cent. cheese solutions) and protein degradation 
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(soluble nitrogen and non-protein nitrogen, expressed as percentages of the 
total nitrogen). In Figs. 4, 5 and 6 the nitrogen partition is expressed as 
percentage of the non-protein nitrogen. In Figs. 4 and 6, to avoid confusion 
due to overlapping, the curves for subpeptone nitrogen are omitted. The 
curves may be reconstructed by subtracting the percentages of (proteose+ 
peptone) from 100. 
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Discussion of results. 


(a) The extent of protein degradation. By reference to Figs. 1 and 2 it will 
be seen that the extent of protein breakdown occurring in the cheeses made 
with pepsin as the milk coagulant was much smaller than in the control rennet 
cheeses. The pH values of the 10 per cent. solutions of all the cheeses, in the 
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green state, were much the same, and there were no marked differences in 
the bacterial counts during the ripening period (the pepsin cheeses, indeed, 
more frequently displayed the higher counts). In order, therefore, to account 
for the greater degradation in the rennet cheeses on the basis of bacterial 
action, it would be necessary to make the assumption that the rennet cheeses 
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in every instance contained more highly proteolytic bacteria than did the 
pepsin cheeses. But this is very improbable, since the only organisms present 
in large numbers during the early stages of ripening (when the differences in 
protein breakdown between the cheeses were largely established) were the 
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starter streptococci; and the same starter (in equal proportions) was used for 
the manufacture of all the cheeses in each series. Moreover, the lactobacilli 
which succeed the streptococci have been shown to possess much smaller 
proteolytic activity). This point will be discussed more fully in a later 
communication. 
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When one-half of the normal proportion of rennet + one-half of the normal 
proportion of pepsin were employed, the curves for soluble nitrogen and non- 
protein nitrogen in the resulting cheeses (Fig. 2) fell between the corresponding 
curves for the rennet and pepsin cheeses, being somewhat nearer to the rennet 
cheese curves; 7.e. the extent of breakdown observed was exactly that which 
would be anticipated on the assumption that protein attack is due to the 
enzymes of the coagulant. This view receives confirmation from the well-known 
fact that an increase in the proportion of rennet leads to greater protein 
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degradation in the resulting cheeses. The curves obtained for soluble nitrogen 
and non-protein nitrogen, when the amount of rennet is doubled, are plotted 
in Fig. 3. These results are also in agreement with those recorded in an earlier 
investigation at this Institute (5), in which two different proportions of rennet 
were employed as coagulants in cheese-making, viz. 3 and 5 oz. per 1000 lb. 
milk. Cheeses were manufactured and ripened in batches under a wide range 
of experimental conditions, but analysis of each set, at maturity, revealed a 
similar, marked increment in soluble nitrogen due to the use of the increased 
amount of rennet for coagulation. 

In series 2, where 25 per cent. more pepsin was employed than in series 1, 
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it will be observed that the difference in the extent of breakdown between 
the pepsin cheeses and the rennet controls is smaller. 

The curves depicting soluble nitrogen (Figs. 1, 2 and 3) for the various 
normal rennet control cheeses made in the different series are practically 
identical; the same applies to the non-protein nitrogen curves. This constant 
extent of breakdown in different cheeses of the same age which have been 
cured under similar conditions appears to be quite general, provided that the 
same manufacturing procedure and the same proportion of rennet have been 
employed. It would be difficult to explain this phenomenon on any other 
basis than that of the importance of rennet as a proteolytic agent. 

In these three series of experiments, by varying the coagulant in the ways 
detailed above, it has been possible without affecting the form of the curves 
for soluble nitrogen and non-protein nitrogen or seriously altering the type 
of nitrogen partition, to bring about extremely large differences in the extent 
of protein degradation. For example, at an age of 10 weeks the soluble 
nitrogen in the different cheeses varied from about 19 to nearly 35 per cent. 
of the total nitrogen. It is considered that these experiments, in conjunction 
with those described in previous communications (1, 2.3) established the pre- 
eminent role of rennet in attacking cheese protein during the course of 
ripening. 

This conclusion conflicts with that reached by Allen and Knowles(6) in 
a recent publication. They made cheeses with the use of vigorous and slow 
starters and ascribed the greater protein breakdown observed in the former 
case to the greater proteolytic activity of the vigorous starter. It is to be 
noted, however, that they did not examine their cheeses at all during the 
first 5 weeks of the ripening period. Thereafter, they carried out bacterial 
counts and pH determinations at intervals, and made only one examination 
for protein breakdown (by alcohol formalin titration) when the cheeses were 
26 weeks old. They found no significant differences in pH after 5 weeks’ 
ripening, and concluded that the differences in protein breakdown must have 
been due to the greater proteolytic activity of the vigorous starter organisms. 

Now, the most marked changes in ripening cheese take place during the 
first few weeks; thereafter, the significant differences (especially in pH values) 
tend to be ironed out. Allen and Knowles, therefore, missed the most im- 
portant period for examination of their cheeses. Even though attempts were 
made to control the manufacturing process so that, as nearly as possible, the 
same acidity was reached in all the vats at corresponding stages, it is obvious 
that after the curds were hooped, the considerably more rapid acid formation 
by the vigorous starter would continue for some time. It is extremely unlikely, 
therefore, that the pH values for the two sets of cheeses were similar during 
the early stages of ripening—a period during which the rennet enzymes are 
most active. The differences in protein degradation established during this 
period, due to the stimulation of peptic enzymes in the more acid cheese, 
would be quite sufficient to account for the differences found at the age of 
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26 weeks, without postulating any proteolysis by starter organisms. This is 
well illustrated in previous work from this Institute(1) where “acid” and 
“sweet” cheeses showed significant differences in protein breakdown (estab- 
lished during the first few days), although the pH values, originally widely 
divergent, tended to approach one another as the cheeses became older. The 
conclusions of Allen and Knowles in this respect, therefore, would seem to be 
fallacious. 

(6) The type of nitrogen partition. Reference to Fig. 5 reveals the fact 
that both sets of cheeses in series 2 exhibited practically the same type of 
partition. This would be anticipated, since it was shown above that the 
coagulating enzymes used induced the same kind of breakdown in milk 
(Table I). The first series, however, displayed somewhat more complete degra- 
dation in the pepsin cheeses (Fig. 4). Table I again affords an explanation of 
this, since it was shown that the two enzymes (rennet and pepsin (sample 1)) 
behaved differently in milk, the pepsin giving an increase in the proportion 
of peptone and consequently a decrease in the proportion of proteose. In the 
corresponding cheeses, diminished proteose was balanced by an increase of 
subpeptone. An exact correlation would not be expected between the changes 
brought about in milk by these enzymes and the degradation occurring in 
cheeses in the manufacture of which the enzyme solutions were used as 
coagulants, since not only is the substrate different, but also bacterial action, 
which occurs freely in cheese, appears to be an important factor() in the 
formation of subpeptone from proteose and peptone. It will be observed from 
Fig. 6 that the use of twice the normal amount of rennet in the cheese milk 
had no marked effect upon the type of nitrogen partition in the resulting 
cheeses, although, of course, the extent of degradation was increased, a fact 
which again shows that the broad lines of degradation are determined by the 
proteolytic coagulating enzymes. 

(c) The relation between nitrogen partition and cheese quality. The cheeses 
were carefully graded at intervals during the ripening period. Those made 
with pepsin displayed a slower and, conversely, the high rennet cheeses a 
more rapid breakdown in “body” than that which occurred in the control 
cheeses, but no significant differences in flavour were observed at maturity. 
This is in agreement with previous work (1, 2,5) where no direct correlation 
was found between flavour and the nitrogen partition occurring in cheeses. 


EXPERIMENTS ON THE PROTEOLYTIC ACTION OF RENNET AND PEPSIN SOLUTIONS 
TREATED SO AS TO DESTROY THE CONTAINED “RENNIN” AND “ PEPSIN”’. 


In the recent work of Davies et al.(4) already referred to, there were 
described the manufacture and subsequent examination of Cheddar cheese, 
made with the use of rennet, “pepsin” and “rennin” as milk coagulants. 
The two latter enzymes were prepared by heating rennet to 70°C. at pH 5 
for 2 min., and to 38°C. at pH 7-25 for 10 min., respectively. The clotting 
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power of the rennet was found to be weakened by destruction of the “rennin”. 
The relative proteolytic actions of the various preparations were apparently 
not determined, but the analysis of the cheeses, at the ages of 9 days and 
5 months, failed to reveal any consistent differences in nitrogen partition. 
The view, advanced by the above authors, that the role of the coagulating 
enzymes in cheese-ripening was relatively unimportant, led the present author 
to examine the comparative proteolytic activity of rennet, pepsin, “rennin” 
and ** pepsin”’. 

A. “Rennin” and “ pepsin” prepared from rennet. A number of samples 
of ordinary rennet, typical of those employed in cheese factories, were treated 
according to the directions given by Davies et al. The pH adjustments were 
made both colorimetrically and electrometrically. Proteolytic action was in- 
vestigated by the addition of equal proportions of the different enzyme 
solutions to skim-milk containing 2 per cent. chloroform, as described in an 
earlier section. 

In every instance, the heat treatment at pH 5 (destruction of “rennin’’) 
was found to reduce considerably the coagulating power of the original rennet, 
the clotting power of the * pepsin” so obtained being from one-half to one- 
eighth that of the rennet. The heating of rennet to 38° C. for 10 min. at pH 7-25 
(destruction of * pepsin”) usually did not alter the coagulating ability very 
markedly (in some cases it was reduced to one-half). 

The effect upon the proteolytic activity of destroying separately the con- 
tained “rennin” and “pepsin” varied somewhat with the particular sample 
of rennet employed. With the majority of rennet samples examined, the 
destruction of either the contained “rennin” or “pepsin” was not attended 
by any appreciable diminution in the proteolytic activity. Typical results of 
analysis for such cases are shown in Table III. 

Table III. 


Rennet “Rennin” “ Pepsin” 
(0:30 °%) (0-30 %) (0-30 %) 
Non-protein N (as percentage of total N) 4-14 3°96 3-78 
Expressed as percentage of non-protein N: 
Proteose N 67-6 69-6 70-4 
Peptone N 14-0 10-7 13-3 
Subpeptone N 18-4 19-7 16-3 


In certain instances, however, destruction of “pepsin” and “rennin” 
(particularly the latter) was attended by considerable weakening in proteolytic 
activity. Also, some indication was afforded that the type of protein break- 
down induced in milk was altered to a small extent. A typical example is 


given in Table IV. 
Table IV. 


Rennet “Rennin” * Pepsin” 
(1-0 %) (1-0 %) (1-0 %) 
Non-protein N (as percentage of total N) 5:57 4:18 3-02 
Expressed as percentage of non-protein N: 
Proteose N 59-3 66-1 55-5 
Peptone N 18:1 20-0 29-9 


Subpeptone N 22-6 13-9 14-6 
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B. “Rennin” and “ pepsin” prepared from pepsin. Unfortunately, only 
a limited number of samples of commercial pepsin was available for examina- 
tion. 5 per cent. solutions of these were treated in the manner already 
described so as to destroy the contained “rennin” and “ pepsin’’. The subse- 
quent procedure was identical with that used previously. 

The effect of the heat treatment upon the coagulating power of the pepsin 
was considerably greater than that found with rennet. Destruction of the 
“rennin” at pH 5 was accompanied by a decrease in clotting ability to about 
1/20 of the original value. 10 min. heating to 38° C. at pH 7-25 (removal of 
pepsin”) reduced the coagulating power of the pepsin to 1/50.. 

Examination of the proteolytic action of these preparations showed that 
all the enzyme solutions possessed the same proteolytic activity. This is illus- 
trated in Table V. 

Table V. 


Pepsin * Pepsin” *Rennin” 
(0-30 %) (0-30 %) (0-30 %) 
Relative coagulating power 1 1/20 1/50 
Non-protein N (as percentage of total N) 5-41 5-16 5-43 
Expressed as percentage of non-protein N: 
Proteose N 61-7 59-3 60-2 
Peptone N 29-2 33:3 29-5 
Subpeptone N 9-1 7-4 9-4 
DISCUSSION. 


The fact that heat treatment of rennet at pH values of 5-0 and 7-25 (which 
was assumed by Davies et al. to destroy separately each of the contained 
enzymes—‘‘rennin”’ and “ pepsin”) failed to bring about, in most instances, 
any appreciable diminution in proteolytic action, suggests that the method 
is not effective in destroying rennin and pepsin. The experiments with pepsin, 
in which destruction of the main constituent enzyme—* pepsin ”—was unac- 
companied by any reduction in proteolytic action, are considered to furnish 
decisive evidence in support of this view. 

In the absence of data upon the proteolytic activity of the rennet, “rennin” 
and “pepsin” used by Davies et al., it is not possible to discuss satisfactorily 
the results reported, but it is suggested that the lack of consistent differences 
in protein degradation, observed in the cheeses manufactured with any one 
enzyme preparation as coagulant, would find a ready explanation if several 
different samples of rennet were employed in the preparation of the enzyme 
solutions. 

The above-mentioned workers also failed to observe any consistent differ- 
ences in the nitrogen partition displayed by cheeses manufactured with the 
use of commercial pepsin as a coagulant substitute in place of rennet. It is 
considered that these results may be explained reasonably well by a con- 
sideration of the experiments with pepsin described in the earlier portion of 
this paper. It was found (Table I and Fig. 5) that some samples of pepsin 
were capable of inducing, both in cheese and in milk, the same type of nitrogen 
partition as is brought about by rennet. In the cheeses manufactured here, 
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the use of pepsin was attended by a smaller extent of protein degradation 
than occurred in the control rennet cheeses (Figs. 1 and 2). Experiments with 
milk as substrate (Table I) indicated that the lessened extent of breakdown, 
induced by pepsin, could be raised to the values obtained with rennet, simply 
by employing approximately three times the proportion of pepsin actually 
used in the cheese manufacturing experiments. Now, the data of Davies et al. 
show that, in their cheese-making procedure, they employed 2-3 times the 
proportion of pepsin used in the experiments described in series 1 and 2 above. 
Assuming that the solid commercial pepsin employed by these workers was 
of approximately the same strength as the samples examined in the course 
of the present work, it follows that similar extents of protein degradation 
would be induced in the cheeses made with rennet as coagulant and in those 
manufactured with the increased proportion of pepsin which they employed. 

The data accumulated in the course of this investigation throw some light 
upon the relation existing between the clotting power of the coagulating 
enzymes and the extent of proteolysis occurring in cheeses resulting from their 
use. It is well known that the coagulating power of these enzymes depends 
upon the acidity of the milk; it has also been seen, in connection with the 
cheese manufacture described in series 1 and 2 above, that the relative clotting 
powers of rennet and pepsin also vary with increasing acidity of the milk. 
Furthermore, Tables III and V show quite clearly that there is no necessary 
relation whatever between the coagulating power and the proteolytic activity 
of rennet and pepsin preparations. Indeed, the heat treatment of pepsin at 
different pH values leads to such striking reduction in coagulating ability, 
without any corresponding influence upon the proteolytic action (Table V), 
that it is suggested the two effects in commercial pepsin are due to different 


contained enzymes. 
SuMMARY. 


The coagulating enzymes employed in the manufacture of Cheddar cheese 
were varied in the following ways: 

(1) Pepsin was substituted for rennet; two samples of somewhat different 
proteolytic action were used. 

(2) The proportion of rennet normally employed for coagulating the milk 
was doubled. 

The use of pepsin resulted in cheeses in which the extent of protein degra- 
dation was considerably smaller than in rennet control cheeses. The type of 
nitrogen partition observed was influenced to some extent by the proteolytic 
action characteristic of the particular enzyme employed. The use of an in- 
creased proportion of rennet led to the anticipated greater extent of protein 
breakdown, the type of nitrogen partition not being appreciably affected. No 
direct correlation was observed between the commercial quality of these 
cheeses and the extent or type of protein degradation which occurred. 

The fact that an increase in the proportion of rennet or a replacement of 
rennet by pepsin influenced so greatly the extent of protein breakdown taking 
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place during the ripening process, and yet neither brought about dissimilarity 
in the form of the curves for soluble nitrogen and non-protein nitrogen, nor 
necessarily altered appreciably the type of nitrogen partition, affords valuable 
confirmatory evidence for the paramount role in attacking cheese protein, of 
the proteolytic enzymes contained in these milk coagulants. 

It is suggested that a rough guide to the comparative protein breakdown 
that will occur in cheeses, is given by measurement of the degradation brought 
about in milk by the respective coagulating enzymes employed; although it is 
necessary to bear in mind the fact that a marked increase in the concentration 
of rennet or pepsin alters the type of protein breakdown induced in milk, in 
the direction of more complete degradation. In the case of cheese, secondary 
changes (probably due to bacterial action) among the non-protein constituents, 
lead to relative increases in the amount of subpeptone nitrogen. 

With most samples of rennet examined, it has been found that the previous 
heating of the solutions to 38° C. at pH 7-25 for 10 min., and to 70° C. at 
pH 5 for 2 min., in order to destroy the contained “rennin” and “pepsin” 
respectively, exerts but little influence upon the proteolytic activity. In the 
case of a few samples, the extent of breakdown induced in milk was diminished 
and a small alteration also occurred in the type of proteolysis. Similar treat- 
ment of 5 per cent. pepsin solutions has been shown to have no effect on the 
proteolytic action of the enzymes upon milk. Since, however, the coagulating 
power of pepsin was reduced enormously (from 1/20 to 1/50) by this procedure, 
it would appear that the proteolytic activity and the coagulating action are 
due to separate enzymes. The conclusion has been reached that the heat 
treatment at pH 5-0 and 7-25 is not effective in destroying rennin and pepsin. 
Accordingly, it is evident that measurements of nitrogen partition in cheeses 
manufactured with the use of such preparations, without determination of 
the comparative proteolytic action of the samples upon milk, do not furnish 
reliable evidence for the role of rennin or pepsin in cheese-ripening. 
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BIENNIAL REVIEWS OF THE PROGRESS 
OF DAIRY SCIENCE 


SECTION B. BACTERIOLOGY AND MYCOLOGY 
APPLIED TO DAIRYING 


I. Technique. 

(a) Plate count. 

(b) Methylene-blue reductase test. 
II. Milk production. 
(a) Cleansers and disinfectants. 
(6) Mastitis. 
(c) Coli-aerogenes group. 
(d) Milk faults. 


in 
d 
III. Pasteurisation. 
IV. The lactic acid and other bacteria of significance in dairying. 
(a) Biology. 
(6) Respiration. 
(c) Fermentation. 
(d) Protein metabolism. 
(e) Fat metabolism. 
(f) Fermented milks. 
V. Cheese. 
(a) Pasteurisation. 
(b) Bacteriology (including starters). 
(c) Ripening processes. 


(d) Faults. 
VI. Butter. 


Wirutn the period covered by this review a large number of papers touching directly 
or indirectly upon its subject-matter have been published. The writers have been 
obliged to omit much that may be of interest to some readers and have therefore 
given attention to those branches of the subject which appear to them to be of 
outstanding interest. 

I. TECHNIQUE. 

(a) PLATE COUNT. 

Since the end of the period covered by the last review (1933), a number of 
publications on the improvement of the media and methods used for the plate count 
of milk have appeared (1,2). 

Breed and Pederson have drawn attention to the importance of the temperature 
of incubation and have tested a number of types of incubator. On the whole the 
best water-jacketed types are favoured because they are less liable to local serious 
overheating. Bowers and Hucker(2) have shown that much larger plate counts and 
more visible colonies may be secured by the use of media of more adequate com- 
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position than standard agar. This confirms the observations of Hiscox e¢ al.(3) with 
the simple standard agar plus milk, which is now being largely used (4). 

Pederson and Yale(5) have also shown that if the maximum colony count is 
sought, 37° C. is not the best temperature. They found that at 32°C. the counts 
were usually higher than at 37° C. 

It is now generally accepted that the grave errors in enumeration of colonies 
due to the personal factor can be largely corrected by the use of standard illuminated 
counting chambers with devices for recording numbers as the counting proceeds (\). 

It seems that the most urgent problem is that of securing agreement between 
workers on the subjects of media and technique and a clear conception of the object 
in view when a plate count of milk is made. The proper interpretation of the plate 
count is also a matter of great importance. 


(b) MeETHYLENE-BLUE REDUCTASE TEST. 

In the past, attempts to correlate the colony count of milk with the reductase 
time at 37°C. have often been made. If it be accepted that the reduction of 
methylene blue is an oxidation-reduction phenomenon and that the oxidation- 
reduction potential induced by various types of micro-organism varies with the 
type, it is hardly reasonable to expect perfect correlation between plate count and 
reduction time even if it be assumed (as is of course not the case) that each colony 
arises from a single organism and that the reaction is not substantially affected by 
other factors. 

It is often not realised that oxygen itself has a direct effect upon the reduction 
of methylene blue and that the oxygen content of the sample and the amount of 
oxygen diffusing in from the air are factors in the reaction. In cases where the 
reducing capacity of an organism is small the presence of oxygen may so oppose 
reduction as to lengthen the reduction time to a significant extent. 

The importance of the exclusion of unlimited atmospheric oxygen from the 
reaction tube has been recognised, and the new (6th) edition of Standard Methods 
of Milk Analysis(7) recommends the corking of the tubes of milk and methylene blue. 

It has been shown by Skar(8), and Wilson e¢ al.(9) that if the tubes of milk 
containing methylene blue be corked and the removal of bacteria (and other 
reactants) from the sphere of reaction by creaming be prevented by shaking(10) at 
frequent intervals, the correlation between plate count and reduction time is in 
general higher. The correlation is not perfect because small numbers of a rapidly 
reducing type may cause rapid discharge of the colour. Moreover, the actual re- 
duction time is much reduced in many cases. 

It has been shown that the correlation between methylene-blue reduction and 
keeping quality of raw milk as determined by taste is high when the tubes are 
corked and shaken and the tests carried out at 15-5° C.(3, 1). No published evidence 
is yet available as to the correlation between reduction at higher temperatures and 
keeping quality at temperatures corresponding to those in the house of the consumer. 


II. MILK PRODUCTION. 


(a) CLEANSERS AND DISINFECTANTS. 

The production of milk of a high grade is possible only when scrupulous cleanli- 
ness and sterility of the utensils is insisted on; this is the first essential in all dairy 
practice. It has long been recognised that for all farm utensils the best treatment 
is careful washing in dilute alkali followed by steam sterilisation. Johns(1) has once 
more emphasised the fact that the attempt to combine the two operations of cleaning 
and sterilising leads to disappointing results. 
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Chemical disinfectants are, however, extensively used, especially in the treatment 
of factory plant. Chlorine preparations are the agents most easily adapted and have 
therefore the widest application. Many papers have been published dealing with the 
efficiency of various chlorine compounds as disinfecting agents for dairy purposes. 
The different preparations vary somewhat in strength and efficiency. Myers and 
Johnson(2) have described a series of experiments carried out to determine the 
strength of twelve different preparations. They found that the ratio of available 
chlorine to total alkalinity calculated as Na,O was a measure of the germicidal power 
of the solution. During storage the preparations, especially those in solution, lost 
available chlorine, the rate of deterioration being influenced by light and tem- 
perature. Low temperatures and darkness decreased the loss of chlorine. Davies(3) 
has shown that even during ordinary storage 1/600 of the available chlorine of certain 
alkaline hypochlorite solutions was lost each day and the solutions deteriorated to 
half their strength in 390-420 days. This factor should be taken into account when 
dealing with chlorine disinfectants. Charlton and Levine(4) in studying the action 
of chlorine disinfectants on bacterial spores found that with hypochlorites there was 
a pronounced lag followed by a rapidly increasing death rate but with chloramine T 
and chloramine the death rates were almost constant. This difference suggests a 
fundamental difference in the mechanism of the action of hypochlorites and chlor- 
amines. Schmelkes ef al.(5) have described and tested Azochloramid, a compound 
very stable in body fluids, and bactericidal in spite of the absence of reactivity with 
any but intensely reducing compounds. It was suggested that this might have a 
use as a selective disinfectant. The disinfectants and cleansers used for dairy purposes 
are relatively expensive. Mohr and Moos(s) have described a home-made apparatus 
by means of which hypochlorite could be cheaply made from common salt. 

Interest has been renewed in the sterilising effect of the oligodynamic action of 
metals, and attempts are being made to adapt this action to the needs of the dairy 
industry. The use of catadyn silver has been investigated in various European 
countries and has been found to be effective in the sterilisation of water supplies, 
but the attempt to extend its sphere of usefulness has not met with unqualified 
success. Demeter(7) has suggested that the use of water containing 0-015 per cent. 
hydrogen peroxide and a concentration of finely divided silver (catadyn) of 1200 Y 
per litre would remove the necessity for the use of steam in the sterilisation of milk 
bottles. The process had not, however, been tried under commercial conditions. 
Walton and Ram(s) have suggested the use of catadyn pellets in the sterilisation 
of dairy utensils and milk bottles. The results do not appear to be very promising. 
The oligodynamic bactericidal action of heavy metals is pronounced only in the 
absence of organic matter; its practical applications must therefore be strictly 
limited. This is, in essence, true of all chemical disinfectants. Their effectiveness is 
controlled by the presence or absence of specific reacting substances. The disinclina- 
tion in some countries to use steam, the one proved and effective means of sterilisa- 
tion, appears to be based mainly on the question of cost. 


(b) Masvirtts. 


The problem of mastitis in milk-producing herds continues to be very serious, 
and so far no general solution to the problem has been found. The trend of research 
appears to indicate that mastitis may be at the bottom of several problems in dairy 
practice. This is specially true in cheese-making, where such faults as “slow starter” 
and “rusty spot”, to mention two problems of economic significance, appear to be 
intimately related to the presence of mastitis in the herd(9, 10). From the point of 
view of liquid milk, mastitis usually implies that a milk of high initial count and 
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low keeping quality may be expected. Such milk frequently acquires off-flavours 
at an early stage in its life. 

A considerable amount of work has been carried out on the methods of diagnosis 
and on attempts to stay or eradicate the disease in herds. It may be observed that 
a certain amount of confusion appears to exist concerning the incidence of mastitis, 
the presence of haemolytic streptococci in the udder, and the nature of the organism 
causing the mastitis. 

Mastitis is considered here only from the point of view of milk quality and the 
detection of mastitis in a herd. A simple method that will detect all cases has not 
so far been found. Rosell(11) found that the pH, rapid catalase, rapid chlorine and 
the black sieve cloth tests were the best for field investigations. The same worker, 
with Miller(12), carried out an investigation of the 280 udder quarters in a herd of 
seventy cows. They found that 232 quarters were abnormal in at least one respect. 
Of these latter 82 per cent. were chloride-positive, 72 per cent. catalase-positive, 
30 per cent. brom-thymol-blue-positive, 60 per cent. reacted positively to the sedi- 
ment test, 65 per cent. were positive to palpation and 6 per cent. were detected by 
the black cloth test. Edwards(13), in an investigation of eighteen herds containing 
809 cows, showed that 36 per cent. had mastitis due to group I organisms (Str. 
agalactiae), and that by using both the pH and a test for deposit, 41 per cent. of 
latent cases could be detected. In the drying stage cultural examination was found 
to be necessary for diagnosis. 

Mastitis is often accompanied by a high udder count. Thus Prucha(14) reports 
that in an investigation of 1800 cows, although most samples of “udder milk” had 
a plate count of under 1000 per ml., 4 per cent. of the cows tested gave milk with a 
count of over 10,000, and diseased udders frequently gave-a high count milk. 
Methylene blue was reduced in less than 5} hours by 22 per cent. of the samples, 
and it was estimated that in 75 per cent. of cases pathological conditions could be 
detected by this test. Normal milk had under 2,000,000 cells per ml. and no 
streptococci or staphylococci. 

Although several types of bacteria may cause mastitis, 98 per cent. of strepto- 
coccal mastitis cases are caused by the same organism (Str. mastitidis or agalactiae), 
according to Rosell(15) who recommends albumin alkaline serum sucrose brom- 
cresol-purple agar (Klimmer) as a good differential medium on which Str. mastitidis 
gives yellow colonies. 

The leucocyte count has been asserted to be the best laboratory test for the 
detection of mastitis, normal milks having under 50,000 and infected milks over 
100,000 cells per ml.(16), and Johnson and Trudel(17) report that an increase in 
leucocytes precedes the appearance of streptococci or staphylococci in milk. Little 
and Jones(18) found a high positive correlation between excessive (over 1,000,000) 
leucocytes, a high pH value (6-8-7-2), and high whey protein (blood globulin). 

Schumann and Lorenzen(19) state that the fore milk is best for purposes of 
diagnosis but Walker (20) has found that fore milk tends to give excessive contamina- 
tion of the plates; he therefore recommends that about half a pint be drawn off from 
each quarter before taking the sample for plating, 10 ml. of which is then centrifuged 
and the centrifugate plated. For the routine examination of graded milks the 
samples are plated direct and the count per ml. (haemolytic colonies) recorded. 
The crystal violet agar devised by Edwards (21) was found to be the most satisfactory 
of a number of media tried. 

Sufficient indication is thus obtained that quite simple clinical, cultural and 
biochemical methods when used together will give a reasonably reliable indication 
of the presence of mastitis in a herd. Such information may frequently be of value 
for other reasons than that of the health of the public and of the herd. 
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(c) COLI-AEROGENES GROUP. 

The great importance of the coli-aerogenes group to the dairy industry, both 
directly as the cause of deterioration in milk products, and indirectly as a factor 
in public health is reflected in the number of researches devoted to this group. 
Those reviewed here have, in the main, a definite practical trend, but the organisms 
have also been studied from the purely bacteriological point of view. Proof of the 
formation of variants of these organisms and the establishment of life cycles would 
entail modifications in the conception of their existence under natural conditions, 
and consequently in the sources of infection. Up to the present no firm basis for 
the existence of variants or life cycles has been established. Lange (22) found that 
strains of Bact. coli underwent changes in morphology and reaction to Gram staining 
when grown in synthetic media, but he could not produce real evidence of the 
existence of a life cycle. Lesche(23) was unable to confirm Kuhn’s theory of di- 
morphism of these bacteria, and Kulp(24) was unable to find any changes, morpho- 
logical or cultural, in strains of Bact. coli and Bact. aerogenes stored in sterilised 
garden soil for long periods. Bamforth(25) has made a detailed study of Bact. coli 
anaerogenes, and Tittsler and Sandholzer(26) of a number of “intermediates” with 
a view to defining their position in the group. Strains of “lactose degraded” coli- 
aerogenes organisms, 7.e. strains that have lost the power of fermenting lactose, 
have been studied by Parr(27) and Seydel(28). The former found that such organisms 
were not numerous in freshly excreted faeces, but increased in numbers when faecal 
suspensions in saline were stored at 37° C. or in the ice-box. The latter found that 
the lactose-fermenting capacity could be restored by cultivation in peptone water 
containing 1 per cent. lactose. It is suggested that, since the power of fermenting 
lactose is unstable, this character should be used with caution in classifying the 
members of this group. 

The presence of numbers of Bact. coli in water and freshly produced milk supplies 
is regarded as an indication of faecal contamination, but it is doubtful whether a 
similar significance should be given to the presence of Bact. aerogenes. Hence it is 
desirable that a means of distinguishing between these two types of coli-aerogenes . 
bacteria should be available, and further endeavours are being made to establish 
a test which will give a reliable differentiation, and yet be sufficiently simple for 
use in routine testing. France(29) has pointed out that unnecessary condemnation 
of water supplies may cause serious financial losses, and as the result of a long series 
of comparative tests suggested that reliance on Standard Methods (U.S.A.) alone 
results in the condemnation of too many water samples. He was not, however, able 
to recommend any particular differential test, although the urgent need of one 
was clearly indicated. Ruchhoft ef al.(30) found that during the self-purification of 
polluted water there was comparatively little change in the ratios of Bact. coli to 
Bact. aerogenes. They suggested that if both types disappeared at about equal rates 
there was no necessity for differential tests in water analysis. This question of the 
sanitary significance of Bact. aerogenes is obviously far from solution. 

The relative values of a wide range of selective media have been studied, but 
the results have been conflicting. All workers seem to agree that the Standard 
Methods at present in use are inadequate, but even where a test has appeared to 
offer the possibility of a satisfactory means of selection or differentiation, the 
proviso has usually been added that further trials are necessary before the general 
adoption of the test could be fully recommended. The question has been well summed 
up in an article by Winslow(31) who pleads for a fundamental re-examination of 
the whole problem with an open mind and a clear view of the practical results to 
be obtained. For milk supplies the problem is even more complicated, since these 
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organisms have an industrial as well as a sanitary importance. The tests applied 
at the present time have been inherited from schemes for the examination of water 
supplies, and are, therefore, inadequate, since they are based mainly on sanitary 
considerations. The work of Sarles and Hammer (32), Ritter (33), Yale (34), Malcolm (35), 
Demeter and Sauer (36), Aichelburg (37) and Lipska (38) have shown that the members 
of the group most frequently encountered in milk and milk products are Bact. coli 
communior, Bact. cloacae, Bact. aerogenes, and Bact. neapolitanum. They have con- 
firmed previous findings that, although strains of Bact. coli might be proportionately 
more abundant than Bact. aerogenes in milk, they are relatively unimportant in milk 
products, in which a preponderance and high count of Bact. aerogenes almost in- 
variably leads to defects. Malcolm (35) demonstrated that the ratio of coli to aerogenes 
types is higher in winter when the cows are in the byres, than in summer when the 
cows are on pasture and higher mean temperatures prevail. 

Sherman and Wing (39), in reference to the use of the presumptive coliform test 
as a sanitary index for raw milk, consider it of no especial value ih assessing the 
conditions under which the milk was produced except in those cases where the 
subsequent treatment precludes the multiplication of bacteria. In the case of high- 
grade milk it might therefore have a significance, but it would be of little value for 
ordinary market milk unless this is required to be cooled to at least 45° F. after 
milking and be maintained at this temperature. Pien and Bachimont(40) point out 
that the numbers of coliform organisms at the time of testing may be so small, 
especially in pasteurised milk, that they would not be detected by the ordinary 
methods, and therefore suggest an enrichment method which is based on a pre- 
liminary incubation of the milk at 37° C. Cunningham and Glathe(41) and McCrady 
and Archambault (42) have attempted to find a suitable solid medium on which 
differential counts could be made for dairy products. Their researches, though sug- 
gestive, were inconclusive. Grimes(43) points out that selective media suggested by 
other workers for the detection of the coli-aerogenes group are not satisfactory for 
butter analyses, where only few results are positive. He has found that litmus milk 
provides a good enrichment medium. He also advocates incubation at 21°C. as 
well as at 37° C. because of the occurrence of strains which ferment lactose with 
the production of gas at 25° C. but not at 37° C. 

Similar but not identical strains have been described by Hiscox (44) and Allen 
and Harrison(45), and there is evidence that such strains are widespread. The 
existence of organisms such as these in the milk supply constitute a serious problem 
in the dairy industry. Their presence would be entirely overlooked in the ordinary 
methods of testing, since they would not grow normally on plates incubated at 
37° C., nor would they give gas in the presumptive coli test. They would, however, 
grow well at ordinary storage temperatures, probably causing a certain amount of 
deterioration in raw milk, and gas production and defects in flavour in dairy products 
made from it. 

As Mattick and Hiscox(46) have pointed out, the methods of testing for dairy 
purposes urgently need revision in the light of recent knowledge. The establishment 
of the true significance of the various members of the coli-aerogenes group is even 
more important to the Dairy Industry than to the Public Health Services. The 
primary object of the public health official is to ensure that pathogenic organisms 
are not present in the milk supply, and whilst the dairyman is equally concerned 
on this point, he also endeavours to promote the sale of milk by guaranteeing its 
keeping quality in the consumer’s house. The tests applied by the dairy bacteriologist 
require to be more searching than those of the sanitarian. 
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(d) MILK FAULTS. 


Abnormal flavours or taints in milk are various, widespread and often insuffi- 
ciently defined. Concise reviews of the subject, showing the salient features of the 
chief taints, their origin, and suggested methods of control have been given by 
Corbett (47) and Pien and Herschdoerfer (48). 

Primary flavours, inherent in the milk, must be distinguished from secondary 
flavours, as has been emphasised by Roadhouse and Koestler (49). These secondary 
flavours are usually bacterial in origin, though some are chemical. Frequently, 
however, both bacteriological and chemical factors are involved. The accurate 
description of these flavours and odours is difficult, since their detection depends 
upon the senses of taste and smell, which may vary widely with the individual; one 
taint may thus be denoted by several names. This difficulty has been emphasised 
by Trout(50) in a paper giving an account of various taints and suggesting the best 
methods for their detection. 

The potato odour which sometimes develops in milk and in the products made 
from it has usually been assumed to be due to keeping the milk in too close proximity 
to vegetable stores. Brannon (5l) has, however, isolated and described an organism 
which was the cause of such an edour, and so points out that sometimes, at least, 
this fault is bacterial in origin. 

In the investigation of an outbreak of burnt or caramel flavour in milk Leitch (52), 
like other earlier workers, has demonstrated that the cause of this defect was a 
coccus closely resembling Str. lactis, from which it could be distinguished only by 
its slightly larger size and its faculty for imparting this peculiar odour to milk. The 
cause of the trouble was an intramammary infection of seven cows in a herd of 
thirty-seven. Knudsen et al. (53) isolated from milk and butter, strains of cocci which 
gave the typical burnt or malt flavour in milk. These were identical with Str. lactis 
in their sugar reactions, but some strains differed slightly in producing small quan- 
tities of CO, and volatile acids and in vigorously fermenting citric acid. They were 
slow acid producers, but although the rate of coagulation was slow the amount of 
acidity eventually produced was equal to that of the more rapidly growing strains. 

Faults in milk are frequently caused by decomposition of the fat. The lipo- 
lytic activity of bacteria described by Ramsey and Tracey (54) and McGrath and 
Anderson (55) leads to the development of rancidity. Oiliness or tallowiness resulting 
from an oxidation of the fat is, however, a much more common fault, and one which 
has long been the subject of research in many countries. This fault is favoured by 
the presence of traces of metals such as Cu and Fe (probably dissolved from the 
utensils) which act as catalysts for the reaction. As Tracey, Ramsey and Ruehe (56) 
point out, the fault is not wholly chemical; biological factors are also involved, and 
a period of incubation after milking and before cooling initiates bacterial growth 
and lessens the likelihood of the development of oiliness. Living yeast cells also 
retard the onset of the taint in milk held at 40° F., the metabolic processes of bacteria 
and yeasts being instrumental in the removal of oxygen. Mattick(57), on the other 
hand, frequently found large numbers of yeasts and of certain types of bacteria in 
oily milk. Measurements of the oxidation-reduction potential of pure cultures of 
these organisms in milk containing copper showed that the E, remained well on the 
oxidising side for such a number of hours as would suffice for the development of 
oiliness. Similar experiments with cultures of Str. lactis and Bact. coli (which were 
never found in significant numbers in oily milk) showed that a drop in E, occurred 
within a few hours, indicating the mechanism of control exerted by the flora of the 
milk. Other workers have been led to similar conclusions. Himmelsbach (58) found 
many alkali formers and only a few lactic acid bacteria in samples of oily milk. The 
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addition of pure cultures of lactic acid bacteria and holding the milk at 11° C. 
instead of at lower temperatures controlled the fault. Better results, in fact com- 
plete removal of the trouble, were obtained by the addition of Reducto-bacterium 
frigidum neutrale. This organism is described by Kertesz(59) as a coccus, cultures of 
which generate highly active reducing substances that limit the oxidation of the fat 
in milk. Pasteurisation does not destroy its protective action—dead cells appear to 
possess the same power as the living. Since it was considered inadvisable to introduce 
the living cells into a milk supply, a preparation made by powdering milk which 
has been repeatedly inoculated and sterilised is offered for this purpose. Ritter and 
Christen (60) found that this preparation contained 5-7 per cent. hydroquinone, an 
active anti-oxidant. In later tests on other samples they found metol but not 
hydroquinone. Since these substances could be regarded as adulterants they con- 
sidered the use of this preparation was not permissible. Kende and Kertesz(é1), 
however, point out that the reducing compounds are produced in the living cultures 
by the metabolism of the bacteria, and state that they bring about no harmful 
physiological effects. The differences in the composition of different samples of the 
preparation are due to the fact that the reducing bacteria are not of a single type, 
but form a group in which the reducing compounds produced vary with the indi- 
vidual type. The authors of the review suggest that the obvious remedy is to prevent 
the access of copper to the milk, rather than to attempt to neutralise the effect of 
one foreign toxic substance by the addition of another. 

Kende (62) is of the opinion that while the heavy metals play a critical part in 
the oxidation of the fats the presence or absence of natural protective substances, 
which may be of plant or bacterial origin, is the really decisive factor. By the 
addition to the food of hay, etc., or even plant extracts rich in protective substances, 
or concentrates poor in easily oxidisable fat it should be possible to control the taint. 
Hostgaard, Knudsen and Madsen (63) found that an oily flavour could be observed 
at the beginning of the lactation period and gradually disappeared for no obvious 
reason. The susceptibility of the milk from individual cows also varied considerably, 
and neither bacteria nor metals were always responsible for the taint. Flash pasteuri- 
sation at 80-85°C. prevented its development, but stassanisation and holder 
pasteurisation did not. In contradistinction to Kende’s statements they did not 
find any connection between tallowiness and the food of the cows. 

The presence of traces of copper in milk may lead to the spoilage of products 
made from it. Ritter and Christen(64) have reviewed the literature dealing with 
fishiness of butter and have offered new data linking this taint with the presence 
of copper in the milk or cream. Roundy and Jackson(65) have shown that the 
solution of copper from the evaporating pans did not appreciably affect the flavour 
or keeping quality of evaporated milk. Ice cream mixes, on the other hand, were 
considerably affected. 

Another constantly recurring fault is ropiness. A comprehensive critical review 
of the subject, viewed from many aspects and including a good bibliography, has 
been given by Emrich(66). Stark(67) has made a study of the organisms causing 
ropiness and their sources, in an attempt to use this knowledge as a basis for 
scientific control. He was able to isolate causal organisms from most places in the 
vicinity of the dairy and cowshed, proffering as an explanation the fact that the 
fodder is a very important source of the organisms. He could not confirm statements 
of others that the udder was a source of infection. He examined more than 1000 
cultures, all of which fell into seven groups of non-sporing rods and cocci. He found 
that the ageing of cultures of freshly isolated organisms as well as laboratory stock 
of Bact. aerogenes always led to the development of ropy strains. Henneberg (68) 
has also given a description of various groups of organisms causing ropiness. The 
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type of fault due to strains of lactic acid bacteria may be controlled by the use of 
fresh pure cultures of starter, that due to other groups of bacteria by means of 
pasteurisation. Kelly (69) has, however, shown that unless the working of the plant 
is intelligently carried out this remedy may be quite ineffective. 


II]. PASTEURISATION. 


Great efforts to perfect the efficiency of plant destined for the pasteurisation of 
milk have been made during and immediately prior to the period of this review. 
The results are indicated by the structure of the new machines that have been 
patented and placed on the market, and in the reports on those which have been 
submitted for tests at various research stations throughout the world. Special 
attention has been paid to automatic regulating devices by which the temperature 
can be accurately controlled, and which prevent the leakage of partially held milk 
into that which has been properly pasteurised. The machines so described are of all 
types, vats for the holder process, and tubular and plate heaters for flash and high 
temperature short-time pasteurisation. Many patents have been taken out for auto- 
matic devices for improving the efficiency of the holder process, but few of these 
appear to have been subjected to scientific testing. Hansen and Jensen(1) have 
reported comparative tests on a vat pasteuriser at 63° C. for 30 min., an “in bottle” 
pasteuriser at 63° C. for 30 min., a Horsen’s plate pasteuriser working at 73-75° C. 
and a stassaniser also working at 73-75° C. They found that all gave pasteurised 
milk of uniformly good keeping quality, but on theoretical grounds they considered 
that the stassaniser was best because of the thinness of the milk layer, the absence 
of rubber joints and the more uniform rate of flow through the tubes. Several types 
of pasteuriser have been tested at the Swedish State Machine and Experiment 
Station at Alnarp, and reports on each have been issued, giving details of con- 
struction, economy of working, bacterial efficiency and ease of cleaning. The investi- 
gators found difficulty in cleaning the tubular “Astra-Montana”(2) but the 
“Gloria” (3) conical plate, the “A.P.V.” (4), “Astra” (5), “ Volta” (6) and Horsen’s(7) 
flat plate, and the “Todt” (8) pasteurisers were all relatively simple. Br. abortus, 
Myco. tuberculosis and Bact. coli were destroyed at 70°C. In later tests(6, 7) 10 ml. 
of milk were examined for the presence of Bact. coli, and these larger quantities 
were found to contain Bact. coli, although it could not be detected in 1 ml. samples. 
This may be expected in view of the existence of resistant strains surviving in small 
numbers. Stuber(9) has investigated the tubular heater “Montana”, and reports 
that when milk with a high total bacteriological and coliform count was used no 
temperature below 85° C. gave entirely satisfactory results. Even coliform organisms 
often withstood temperatures of 79-84° C. 

The different types of plate pasteurisers outnumber the tubular, probably because 
the greater accessibility of their parts creates a preference for them. Usually the 
plates are flat as in the “A.P.V.” (4,17), “Astra” (5, 10), “‘ Volta” (6), “ Horsens” (7) 
and ‘Discus’ (11,12), but in some types of machine they are conical, as in the 
Gloria” (13), Mehlhose(10) found that the Astra plate pasteuriser gave milk with a 
keeping quality equal to that of holder pasteurised, whilst the creaming was appre- 
ciably better. Bact. coli was destroyed at 72° C. The “Discus” machine has been 
described in detail by Hobbing(11) and Thomsen(12), bacteriological tests being 
carried out in each case. The former reported that milk treated at 85° C. was free 
from living tubercle bacilli, and the latter, that on the basis of the good results 
obtained, the “Discus” was the first plate machine to be allowed in Austria. 
Orla-Jensen(13) has tested the “Gloria” pasteuriser and found that Myco. tuber- 
culosis, Br. abortus and Bact. coli were all destroyed at 70°C. for 18-20 sec., and 
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there was a good reduction in the total count even at this temperature. He con- 
sidered that the use of conical plates avoided the difficulty in perfect sealing ex- 
perienced with flat plates. It is, however, not certain that Orla-Jensen is confirmed 
by the experience of others. Dornheim(14) reports that milk infected with tubercle 
bacilli became non-infective after treatment in a “ Biorisator” at temperatures from 
70 to 85° C., and Br. abortus and Bact. coli were killed at 76° C., but Str. mastitidis 
was not completely destroyed even at 80° C. He considered that in ordinary dairy 
practice heating in a Biorisator to 73-75° C. without holding is adequate, provided 
that the raw milk does not contain an exceptionally large number of coliform 
organisms. The apparent lack of uniformity in the performance of the various types 
of machines is in part due to the fact that the form of the experiment was often 
influenced by local regulations, which required different temperatures. 

Few countries have yet officially recognised high-temperature short-time pasteuri- 
sation as a means of ensuring a safe milk supply, but its use for the treatment of 
milk destined for the making of cheese or other milk products is undoubtedly 
extending. It has been the subject of varie. researches. The Milk Supply Committee 
of the American Public Health Associativa has issued a progress report(15) on five 
types of machines already in commercial use. They conclude that the operation of 
these should not be difficult in the hands of intelligent operators, since they are 
relatively simple in construction and easy to clean and sterilise. Pasteurisers of this 
type should prove a dependable means of producing a safe milk, but the Committee 
recommends that every particle of milk should be heated to not less than 160° F. 
and maintained at that temperature for not less than 15 sec. The same five types 
of machine have been critically examined by Irwin(16) from an engineering point 
of view. Mattick and Hiscox (17) have studied the efficiency of a plate pasteuriser of 
the “A.P.V.” type. Pasteurisation at 71-1° C. with holding for 20 sec. gave fluc- 
tuating results when dealing with milk of varying quality. It was concluded that 
the margin of safety was insufficient to ensure that milk of a high bacterial content 
so heated would under all conditions comply with the bacteriological standards in 
various countries. Better results were obtained with a new improved type of plate, 
specially designed to give very much quicker heating than any other known type 
of plate pasteuriser. In this machine it was, moreover, possible to raise the tem- 
perature to 73-3°C. and include a holding period of 15 sec. without significant 
damage to the creaming capacity. In these tests the reduction of bacteria closely 
approached that obtained by heating the raw milk in the laboratory at 62-8° C. 
for 30 min., which was taken as the standard of comparison. Bovine tubercle bacilli 
and haemolytic streptococci of human and animal origin were all destroyed at 
71:1° C. with 15 sec. holding. Quinn and Burgwald(18) found that the germicidal 
efficiency of the high temperature short-time pasteurisation was almost equal to 
that of the holder process, the latter being slightly better on most occasions. 
Yale(19) has also found that milk treated at 143° F. for 30 min. in a holder vat 
showed on the average slightly lower counts than another portion of the same milk 
treated at 160° F. for 15 sec. in a pasteuriser of the internal tubular type, though 
the difference was scarcely significant. Laboratory pasteurisation also gave lower 
counts than the corresponding commercial process. Reviewing the question, 
Yale (20) states that from the information available there appears to be no difference 
between the holder process and the high temperature short-time process in the 
destruction of coliform organisms, and moreover, the latter offers less suitable 
conditions for the development of thermophiles. With modern improvements in 
both types of machine, both should be effective in the destruction of pathogenic 
organisms and the provision of a safe milk supply. Kjaergaard-Jensen(2l), in re- 
viewing the developments in pasteurisation methods during the last 10 years, came 
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to the conclusion that the stassaniser was the machine which could most readily 
be relied upon to provide with certainty the correct treatment of milk for a safe 
milk supply, but he does not appear to have taken the high-temperature short-time 


process into consideration. 

However efficient a pasteurisation process may be, and however well adapted 
for this process may be the type of machine used, results will be unsatisfactory unless 
it is intelligently operated. Dockeray and Scott (22) have obtained figures which 
show that the bacteriological content of Dublin pasteurised milk is frequently very 
unsatisfactory. McKay (23) cites two instances in which epidemics have been traced 
to improper pasteurisation of milk supplies. In the second case the seat of the 
trouble was a dairy which was very unintelligently run, and in which no use was 
made of the various devices now available for ensuring the efficient carrying out of 
the process. The control and supervision of pasteurising plants is now recognised 
as a highly important and specialised part of the public health services. A detailed 
knowledge of the construction of the various types of plant and their operation, 
together with an appreciation of the scientific aims of the process of pasteurisation, 
is essential to those who undertake this work. Seligman(24) has dealt with this 
question, mainly from the engineering point of view, indicating the points on which 
sanitary inspectors should concentrate, and enumerating those at which the various 
processes are liable to fail. Dalrymple-Champneys(25) has given in a concise form 
the information necessary to the officers of a local authority appointed for the 
licensing and supervision of plants for the pasteurisation of milk under the terms of 
the Milk Order (1923). Full details are given, and these should prove useful as an 
aid to constructive criticism. Berry (26) gives an account, step by step, of a survey 
recently conducted in one of the larger cities of Canada, in which there is a great 
diversity of plant and lay-out. The defects at each point are clearly indicated, and 
the report shows that the methods of operation were deficient in many ways, thus 
undermining the sense of security of the consumer. Berry strongly advocates that 
operators of pasteurisation plants should be required to qualify for certificates of 
proficiency before they can be appointed. Hall(27) fears that the introduction of 
pasteurisation as a means of safeguarding the milk supply will have a retrograde 
influence, and that the incentive to improve and maintain the quality of the milk 
supply will tend to disappear. This danger should not be overlooked, but it is not 
so great as it once was. It is generally realised that unless the raw milk used for 
pasteurisation is of good quality the final product will be unsatisfactory and may 
not invariably comply with the legal standards. This point has been stressed by 
Meanwell(28) and Pfannenstiel and Jusatz(29). Bacteriological control of the raw 
milk supply is one of the first essentials in the production of a reliable and uniformly 
good pasteurised milk. The problem of assessing the quality of pasteurised milk is 
by no means settled. Stassano(30) has reviewed a long and exhaustive list of criteria. 
It would, however, be impossible to include all in routine testing—the tests must 
be simple and limited in number. The usefulness of the test for the presence of 
coliform organisms is often in dispute. Slack and Maddeford(31) came to the con- 
clusion that although the absence of typical coli in pasteurised milk does not 
necessarily mean proper pasteurisation, their presence in a small volume of milk 
suggests the need for investigation. Savage (32) points out that destruction of tubercle 
bacilli is the only ultimate standard for the efficiency of pasteurisation, but this 
test is not practicable for ordinary routine procedure. A commercial bacteriological 
standard is not adequate, the test for the presence of lactose-fermenting strains of 
Bact. coli is better, but even this is not a true criterion of the destruction of tubercle 
bacilli. When such a test has been worked out it will be valuable for control purposes 


if carried out at once. 
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The number and types of bacteria surviving the pasteurisation process (145° F. 
for 30 min.) depends on the quality of the raw milk used. Anderson and Meanwell (33) 
have shown that if the milk is carelessly produced and unsterile utensils are used 
the proportion of thermoduric organisms will be high, and they suggest therefore 
that the bacterial count of milk after laboratory pasteurisation affords a more 
reliable index of its suitability for pasteurisation than the plate count of the raw 
milk. Similarly, Dotterrer (34) has called attention to the high proportion of thermo- 
duric organisms in some types of milk. 

When dealing with milk of high bacterial content Mattick and Hiscox(17) found 
that acid-producing cocci predominated in the flora surviving in milk subjected to 
the high temperature short-time process, which is in agreement with the findings of 
others for this type of milk when treated by the holder process. For low-count milk, 
however, the results are of a different category. Prouty (35) found that pasteurisation 
resulted in a decrease in the percentage of acid-producing and proteolytic bacteria 
and an increase in the percentage of the alkali and inert groups. In some types of 
pasteurised milk, therefore, acid-producing organisms are not the main cause of 
spoilage. Thurston and Olson(36) showed that the proportion of acid-coagulating 
organisms destroyed was greater than that of the merely acid-producing, so that if 
the milk coagulated it was usually at a low acidity and therefore, presumably, due 
to rennin-like enzymes of the bacteria. Herrmann(37) has given a description and 
classification of a number of strains of heat-resistant organisms isolated from milk. 
Gorini(38) emphasises the fact that the sporogenous types of heat-resistant organisms 
are often deleterious to health and destructive to milk, but are kept in check by 
the action of acid-producing cocci. He suggests therefore that in a pasteurisation 
process the milk should be heated sufficiently to destroy all pathogenic organisms 
while allowing for the survival of a number of lactic acid bacteria sufficient to 
produce acidity. As Starkey(39) has pointed out, small changes in the pasteurising 
temperature may lead to big differences in the surviving flora of the milk. The 
destruction of streptococci is a matter of great importance. Some strains being 
pathogenic must be entirely destroyed. Others must be controlled because of their 
capacity for souring the milk. The importance of this aspect of pasteurisation has 
been stressed in the report of the Committee of Milk Pasteurisation Studies to the 
American Public Health Association (40). The facts as at present known are reviewed, 
and the need for a further study of the exact identity of the streptococci in milk 
and their individual thermal death-points is emphasised. The hydrogen-ion concen- 
tration of milk has an influence on the temperature at which bacteria are destroyed. 
Mattick and Nichols(41) have brought forward figures which indicate that there is 
a direct relationship between the pH of milk and the destruction (as shown by the 
plate count) of the bacteria contained therein. There were more survivors at higher 
pH values than at lower pH values on the same sample. Virdis(42) has found that 
for pH 6:3, 6-7 and 7-0 the tubercle bacilli are always killed at 63° C. for 30 min. 

Thermophilic bacteria are of great importance in connection with pasteurised 
milk. Although their optimum temperature may be high, 42-55° C., facultative 
thermophiles will continue to grow slowly even at normal room temperature, as has 
been demonstrated by Hansen (43). Yale and Kelly (44) have investigated the thermo- 
philes in milk pasteurised by the high-temperature short-time process at nine 
different plants. At only two of these was there a marked increase in the number 
of thermophiles in the milk after pasteurisation. Since the pasteurising temperature 
was well above the optimum temperature for the growth even of thermophiles, their 
development was mainly restricted to regenerative heaters and filters where lower 
temperatures prevailed. The type of plant did not appear to be a factor; such slight 
development of thermophiles as took place was rather the result of faulty plant 
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practices. The value of microscopic counts in supplementing the plate counts 
for thermophiles has again been observed by Breed(45) and Ward, Adams and 
McCutcheon (46). 

Heat is at present the most usual and serviceable method for the destruction of 
bacteria in milk, and though other methods have been investigated they have not 
yet been developed on a commercial scale. In some types of pasteurising plants, 
however, an electric current is used. Its chief use is the provision of the source of 
heat, and in this way uniform heating of each particle of the milk is assured and 
local over-heating is avoided. 

It is thought probable, however, that the electric current has a specific action 
apart from the heating process. Genin (47) considers that the destruction of patho- 
genic bacteria at temperatures between 60 and 70° C. in at least one such method 
cannot be attributed solely to the heat generated but must be equally due to an 
electrical action not yet sufficiently understood. Gelpi and Devereux(48) came to 
a somewhat similar conclusion when investigating the effect on bacterial spores of 
the electropure process of treating milk. The results indicated that the destruction 
of the spores is not entirely due to the heat generated in the medium, but also to 
the heat generated within the spores themselves. 

A method of sterilisation which is beginning to develop on commercial lines is 
exposure of milk in thin films to the action of ultra-violet rays, and various types 
of apparatus have been patented. Mattick(49) has described an experimental appa- 
ratus which was ysed for the study of the destruction of bacteria in milk by means 
of ultra-violet irradiation. The results showed that although for both commercial 
and graded milk exposure for approximately 11 sec. to rays at 6 in. from the film 
reduced the number of bacteria significantly, absolute sterility was not obtained in 
any sample. Loewe(50) and Karsten(51) have described the Uster steriliser which 
works on a similar principle. This apparatus is of especial use for the sterilisation 
of water destined for butter-washing purposes, but it is suggested that it may be 
possible to adopt it for various foodstuffs. Yen and Liu(2) have shown that super- 
sonic waves have a destroying action on some species of pathogenic bacteria, but 
this treatment has not yet received practical application. 

The oligodynamic action of metals on bacteria serves as the basis for a process 
patented by Elkington(53) in which milk is placed in contact with oligodynamic 
substances for 1-10 min. Figures by which the efficiency of the process might be 
judged are not available. Molanus(54) gives an account of a process in which silver 
vessels are used as containers of, and silvered quartz sand for admixture with, 
material to be sterilised. The process had a sterilising effect upon water, and in meat, 
milk and their products, the growth of bacteria has been impeded. The results in 
protein-containing substances were, however, variable and open to question, and 
the subject needs further study before such a process can be recommended for milk. 

The only methods which have hitherto been used for destroying bacteria in milk 
are heat treatment and the addition of preservatives, which latter is of course illegal 
in most countries. 

A promising field of work lies in the application of high pressures to milk for the 
purpose of disrupting and killing the cells present. Such treatment may avoid the 
objections to pasteurisation and other heat treatments in that the character of the 
milk may not be affected from a nutritional or flavour point of view. Swearingen 
and Lewis(55) found that Bact. coli in oxygen at 1200 lb. pressure at 0° C. was not 
ruptured and killed by a sudden release in pressure. Carbon dioxide at 300 lb. 
pressure, however, was effective in killing most of the bacteria. They concluded 
that duration, but not sudden changes, of pressure is the controlling factor in the 
bactericidal effect of high pressures. 
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IV. THE LACTIC ACID AND OTHER BACTERIA OF 
SIGNIFICANCE IN DAIRYING. 


(a) BioLoey. 


The lactic acid bacteria, including the streptococci and rod forms, are of the 
greatest importance in the dairy industry, but our knowledge of the group is largely 
confined to its behaviour in milk and dairy products. The metabolic, cultural and 
serological relationships of the many organisms in this group of importance in 
dairying, medicine and the fermentation industries are almost unexplored, and a 
comprehensive study of all known types is clearly necessary. 

A typical instance of our lack of knowledge is to be found in the. position of the 
very common lactic acid organism L. acidophilus. Unclassified by Orla-Jensen (1) 
and Henneberg(2) it has been asserted to differ in properties only in degree from 
L. bulgaricus. Smith et al.(3) claim that the morphology of this important member 
of the group depends on the food supply, the pH of the medium, and the presence 
of traces of copper, zinc, and iron. They assert that any member of the group may 
be caused to assume the properties and characteristics of any other member by a 
suitable manipulation of conditions. A coccoid form is assumed under adverse condi- 
tions and in reproduction a Gram-negative stage is found. This mutation has been 
denied by other workers, however. Rogers(4) reports that although marked changes 
in morphology may occur, the sugar fermentations and temperature relationships 
remain constant. 

Much confusion has existed over the identification and relationship of L. bifidus 
and LL. acidophilus. According to Weiss and Rettger(5) the former is facultatively 
anaerobic, forms mostly 7-lactic acid and differs only quantitatively from L. acido- 
philus. Curran, Rogers and Whittier(6) divided strains of L. acidophilus into three 
groups. One group produced i-lactic acid, did not grow at temperatures higher 
than 46 or less than 20° C., fermented raffinose but not mannitol, produced large 
amounts of carbon dioxide and volatile acid and tolerated phenol and indol. A second 
group growing at under 20° C. produced less carbon dioxide and volatile acid and 
was sensitive to phenol and indol. All produced formic, acetic and butyric acids. 

Winnegge and Henneberg in a recent paper(7) have cleared the ground by a 
systematic study of the intestinal “Z. acidophilus” and found that the general term 
“LL. acidophilus” includes Plocamobacterium vaginae, Thm. lactis, Sbm. casei and 
also Bom. breve and longum. All these forms, it is claimed, are to be found amongst 
the intestinal flora. 

Very little serological information upon the lactobacilli is available, but 
Christian(8) has found that immune sera produced by L. acidophilus, L. casei, 
L. plantarum and L. rudensis give only specific agglutination reactions. Pigmented 
strains of L. rudensis are serologically identical with non-pigmented strains. 

It is possible that much of the confusion over L. acidophilus is due to the insta- 
bility of the type, which may be regarded as intermediate between L. bifidus and 
L. bulgaricus. It is known to dissociate into R and § colony forms, and the generally 
accepted fact that a stable R form cannot be obtained has been confirmed by Raney 
and Kopeloff(9). The inherent instability of the lactic acid bacteria has been empha- 
sised by Orla-Jensen, and Rudakow(10) now claims to have observed a life cycle 
for L. casei. A possible cause of the variability of these bacteria may lie in their 
limited powers of nitrogen utilisation. Thus Baumgirtel (11) ascribes the loss of ability 
to ferment milk by the lactic acid bacteria to the loss of power to utilise casein. 
However, it would appear that loss of ability to ferment lactose may also be a 
factor (12). 
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A similar confusion exists among the streptococci. Thus while Meyer(13) was 
unable to find any proof that enterococci were degradation forms of haemolytic 
streptococci, Noel(14) grew fifteen haemolytic streptococci in pure urine and found 
that after fifteen passages, one strain had acquired the properties of the enterococcus. 
This mutation phenomenon may possibly be related to the discovery of a sporogenous 
B. delbrucki_ by Horowitz-Wlassowa and Nowotelnow (15). Many workers consider 
Str. lactis and Str. faecalis to be at the most varieties of the same species. Sherman 
and Stark (16) have now shown that Str. lactis and Str. faecalis may be differentiated 
as follows: the former has a maximum temperature of 41-43° C., the latter 48-53° C. 
Whereas Str. lactis is killed by heating at 65° C. for 30 min., Str. faecalis survives 
this treatment, and while Str. lactis is unable to grow at pH 9-6, Str. faecalis grows 
well at this reaction. Further, Str. lactis is inhibited by 6 per cent. sodium chloride 
while Str. faecalis is able to grow well in 6-5 per cent. of this salt. It has also been 
observed that strains of Str. faecalis remain viable on agar slope cultures for over a 
year at room temperatures, whereas cultures of Str. lactis do not(17). Although it 
has been claimed that Str. lactis and Str. faecalis are identical, it would appear that 
the differences between the two are sufficiently well marked to warrant a recognition 
of them as permanent varieties, if not as different species. 

The use of aesculin for diagnostic purposes has been investigated by A. D. 
Orla-Jensen (Is) and it has been found that most Streptococci and all Streptobacteria 
give positive colour reactions (ferric chloride) with aesculin, but that Str. mastitidis, 
Str. thermophilus, the Betabacteria, Thermobacteria, and Tetracocci do not. Several 
lactic acid bacteria grow on aesculin agar; this is therefore not a reliable selective 
medium for Bact. coli (‘Harrison agar”). 


(b) Respiration. 


A considerable amount of information on the respiratory mechanisms of the 
lactic acid bacteria has been obtained in the last two years. This work has been 
stimulated by the discovery that some strains produce hydrogen peroxide and respire 
by a mechanism that is not inhibited by cyanide. The process is apparently due to 
the presence of a system containing a yellow respiratory pigment (flavine). This new 
type of pigment, discovered quite recently by Warburg and Christian (19) is present 
in L. delbrucki to the extent of 77 mg. per kg. dry weight(20). This is extremely 
high when it is considered that bottom yeast, from which the new pigment was first 
isolated, contains only 20 mg. per kg. dry weight. 

L. delbrucki respires only at the expense of lactate (whether produced by fermen- 
tation of sugar or added artificially) and produces hydrogen peroxide. Pyruvic acid 
is rapidly oxidised after decarboxylation and no hydrogen peroxide is formed. 
Pyruvic acid is thus not an intermediate in the oxidation of lactate by those 
organisms which produce hydrogen peroxide. All substances inhibiting fermentation 
inhibit respiration; if lactate or pyruvate is added, however, they are oxidised 
normally. The methylene blue catalysis is specific for lactate. The hydrogen peroxide 
which accumulates, unless removed by catalase or in some other way, effects an 
irreversible poisoning of the respiratory system. Aerobiosis results in only a small 
decrease in lactic acid production. In marked contrast to this metabolism, a strongly 
aerobic lactobacillus (received under the name L. cereale) possessed a haemin- 
catalysed respiratory system, formed no hydrogen peroxide (it was in fact weakly 
catalase-positive), was inhibited by cyanide, oxidised glucose directly, was not 
stimulated by methylene blue, and formed only very little lactic acid aerobically, 
because of the oxidation of the substance to pyruvic acid which was subsequently 
decarboxylated with the formation of acetoin, acetic acid, and alcohol(21). L. casea 
possesses no powers to oxidise sugars. Acetone preparations of L. delbrucki respire 
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in exactly the same way as the living organism (22). Flavines increase the respiration 
of lactic acid bacteria in glucose media and this increase is not affected by the 
addition of cyanide(23), Lactobacillus pentoaceticus has also been investigated by 
Hunt (24) and found to have a comparatively high rate of respiration and an R.Q. of 1. 
Cyanide does not inhibit the respiration, which is however stopped by sodium fluoride 
and iodoacetic acid. Methylene blue and pyocyanine stimulate the oxygen uptake. 
Some evidence was obtained that two mechanisms for the production of volatile 
acid exist in this species. 

Peroxidase was found by Farrell (25) to be present in all of twenty-two strains of 
streptococci, the enzyme being thermostable and resisting 120° C. for 15 min. Its 
formation was inhibited by cyanide, sulphuretted hydrogen, and iodoacetic acid. 
Hart and Anderson (26) showed that Str. pyogenes, Str. viridans and Str. pneumoniae 
produced bleaching and a yellow-green discoloration on blood media which was due 
to the formation of hydrogen peroxide. In this connection it is interesting to note 
that a green pigment is formed when certain reducing substances are incubated 
aerobically with blood. Beta-haemolytic streptococci do not form this pigment on 
account of the haemolysis (27). 

The action of a streptococcus on blood media is an important diagnostic property, 
and the respiratory mechanisms of the organism are obviously of fundamental im- 
portance. Oxygen tension is therefore a factor to be controlled when carrying out 
these tests, since not only may true (8-) haemolysis mask pigment formation but, as 
Fry (28) has shown, streptococci may show beta-haemolysis only on anaerobic culti- 
vation (i.e. they appear to be alpha-haemolytic when cultured aerobically). 

It is evident that respiratory properties will be more extensively used than 
hitherto for purposes of classification and identification. At present, however, we 
have no knowledge as to the relative permanence of morphological, cultural, respi- 
ratory, fermentative and serological properties. In this connection it may be ob- 
served that Hitchner(29) has shown that the propionic acid bacteria may vary 
considerably in catalase content and that this feature is therefore not to be empha- 
sised in taxonomy. Thirty strains in this group have been subdivided by Werkmann 
and Brown(30) into eleven species, among which Propionibacterium arabinosum is 
catalase negative. 

Reference has already been made to the oxidation-reduction potential effect of 
micro-organisms; this potential is closely related to their respiratory mechanism. 

Thus “sulphydril compounds promote the growth of anaerobes (when present in 
the medium) but there is no fall in potential until growth takes place. The initiation 
of the latter is therefore not due to the production of a low potential by the sulphydril 
compounds (31). The bacteriostatic effect of gentian violet etc. has been shown by 
Ingraham to be dependent on the initial potential of the medium and the poising 
effect of the dye (32). 


(c) FERMENTATION. 


The lactic acid fermentation is the most important reaction in the dairying 
industry; the efficiency of lactic acid bacteria in this process may be judged from 
the finding that L. casei « produces 300 per cent. of its dry weight of lactic acid in 
1 hour. This is a considerably greater rate than that of any other known tissue, 
including tumours. Lactic acid is still produced by these cells at temperatures 
below that at which growth is possible; this is presumably an enzyme effect (33). 

Lampitt and Bogod(34) have investigated the acid changes produced in milk 
by Str. lactis and other bacteria. It is known that different strains of lactic acid 
bacteria may vary in their rate of growth in milk, and Sherman and Hodge (35) have 
found that fast-growing strains of Str. lactis produce a lower final acidity i in milk 
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than more slowly growing strains. Hence small inocula from rapid transfers will 
produce lower final acidities. Slow growth is correlated with greater acid tolerance. 
Another point of practical importance is the effect of salt on the lactic acid bacteria. 
Sodium chloride has been found to stimulate the growth of lactic streptococci in a 
concentration of 1-2 per cent., but above 3 per cent. inhibition begins to take 
place (36). The concentration in Cheddar cheese (5-6 per cent. in the brine) is 
therefore somewhat inhibitory, but less so than to the unwanted Gram-negative 
bacteria. 

Kluyver(37) has discussed the role of the lactic acid bacteria in butter-making 
and given an excellent review of the biochemistry of this process. The volatile acids 
are important constituents of the aroma which is produced in certain milk products 
and an important source of these volatile acids has been shown to be citric acid, 
which is fermented by Str. paracitrovorus and related organisms. The addition of 
acids to the medium increases the amount of volatile acid and this has been shown 
to be a pH effect (38). Whereas the citrovorous type of streptococcus gives diacetyl 
only from citric acid, Str. thermophilus is able to produce this important constituent 
of the butter aroma from sugar; the Betabacteria, however, like the citrovorous 
streptococci (Betacocci) produce it only from citric acid. Methylene blue increases 
the production of diacetyl from sugar by Str. thermophilus(39). The butter aroma of 
cultures from rennet has been shown to be due to the Betacocci, Betabacteria and 
Str. thermophilus which are usually present in rennet preparations (40). 

B. implexus gives large quantities of acetoin. The amount produced varies 
with the surface area of the medium, but this is not due, as might be expected, to 
the increased aeration. Acetoin slowly changes in air to diacetyl which is quickly 
destroyed in alkaline solution (pH greater than 6-5) and is stable at pH 6. 2:3 
butylene glycol was found in the cultures, and it could be oxidised by the bacteria 
to acetoin but not by air alone(41). Other acetoin-forming bacteria have been investi- 
gated and the highest yield was usually obtained after 3 or 4 days. High protein 
content of the medium and oxygenation inhibited its formation while the presence 
of adsorbants increased it(42). With the coli-aerogenes bacteria acetoin formation is 
correlated with the fermentation of malonate (43). Sugar fermentations are commonly 
used for purposes of identification of bacteria, and Koser and Saunders have shown 
that methyl groups make a sugar resistant to fermentation by micro-organisms, but 
that 5-methyl pentoses are readily fermented. Glucosamine is usually fermented by 
those organisms which ferment glucose (44). Bact. coli and L. delbrucki do not ferment 
beta-glucose-beta-galactosides (45). Ability to ferment some sugars may be inter- 
preted in terms of habitat. Thus L. acidophilus and L. plantarum are the most 
vigorous of a number of starch-splitting bacteria investigated in this group(46). 
Similarly Déderlein’s bacillus readily ferments glycogen to lactic acid, but L. bifidus, 
L. acidophilus and L. odontolyticus do so only after 7-10 days and L. bulgaricus does 
not ferment this polysaccharide at all(47). 

An important paper has been published by A. D. Orla-Jensen claiming that non- 
proteolytic species of lactic acid bacteria ferment sugar only when the sugar has 
been heated in the medium or in tap water. Thus only Str. liquefaciens with exogenous 
proteolytic enzymes is able to ferment sugars which have been heated in distilled 
water. This phenomenon was due to the formation of activating substances by the 
condensation of aldehydic compounds, such as methyl glyoxal and furfuraldehyde, 
formed from the sugar, with certain nitrogenous compounds of the medium (is). 
Some cases occur when gas may be formed by the associative growth of two or more 
organisms, but for this phenomenon to take place with lactic acid bacteria three 
types must be present, one a lactose-fermenting strain, another able to produce gas 
from glucose but not from lactose, and a third possessing proteolytic powers in order 
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to provide suitable nutritive materials for the other two. If one organism, however, 
is proteolytic, two strains only are sufficient to produce this phenomenon (49). 

A large amount of work has been carried out on the chemistry of lactic acid 
production in the last two years by Meyerhof and Embden, and an excellent review 
published (50). Whereas formerly, and largely as the result of the work of Neuberg 
and his school, methyl glyoxal had been considered the keystone of the intermediate 
substances, the recent findings of Meyerhof and Embden suggest that alpha-glycero- 
phosphoric acid and pyruvic acid are the immediate precursors of lactic acid. 
A similar scheme has been put forward for the alcoholic fermentation of yeast. In 
spite of these plausible theories it has been reported that various preparations con- 
taining lactic acid enzymes did not give lactic acid when these alleged precursors 
were added (51). Similarly it has been found that lactic acid bacteria. either alone or 
in the presence of toluene also failed to produce lactic acid from these substances (52). 
L. delbrucki has been shown, however, to convert synthetic phospho-glyceric acid 
into pyruvic acid(53), As in the case of muscle extract, iodoacetic acid inhibits 
lactic acid formation by bacteria (54), the best concentration for this inhibitor in milk 
being about 2 mg. per cent. (55). It has frequently been shown that fermentation is 
necessary for the propagation of the lactic acid bacteria, 7.e. they are able to obtain 
their energy for growth requirements only from this one reaction. It is evident that 
the problem of the mechanism of lactic acid formation by bacteria is not yet solved 
and it is suggested that the reason for the apparent contradictions existing between 
workers may reside in the fact that the identity of bacterial species is frequently 
confused and that the methods of preparation of cells, etc., vary from one laboratory 
to another. Evidence seems to point to the possibility of the existence of at least 
two mechanisms for lactic acid production by bacteria. This may be related to the 
well-known fact that optically different isomers are in fact produced. Thus some 
lactic acid bacteria convert methyl glyoxal to lactic acid while others do not (52). 
An interesting sidelight on the common mechanisms of fermentation processes is 
to be found in the work of Kempner and Kubowitz(56é) who have shown that carbon 
monoxide inhibits the butyric acid fermentation. The glycolysis proceeds in the 
presence of carbon monoxide but, instead of butyric acid, lactic acid is produced. 
Neither the alcoholic fermentation of yeasts nor the lactic acid fermentation of the 
lactic acid bacteria is inhibited by carbon monoxide. 


(d) PROTEIN METABOLISM. 


An excellent review of bacterial proteolytic enzymes has been written by 
Haines(57). Spitzer, Parfitt and Epple(58) investigated thirty organisms all of which 
produced enzymes acting on milk and gelatine. The putrefactive bacteria were most 
active in this respect. The digestion was tryptic and ereptic in nature and had an 
optimum pH of 7; the activity at pH 4 was only slight. The Str. lactis group was 
much weaker in proteolytic activity and the highest increase was observed in the 
non-phosphotungstic acid-precipitable nitrogen (as against the peptone nitrogen). 
Sodium chloride in a concentration of 6 per cent. produced appreciable inactivation, 
and 20 per cent. salt, 60-80 per cent. inactivation. It is of interest to note that 
Str. liquefaciens possessed very small pH and sodium chloride-concentration coefti- 
cients. Data for the proteolytic activity of the acido-proteolytes have been given, 
and it was found that proteolysis occurs only so long as the organisms can produce 
further acids(59). Woods(60) has shown that Bact. coli produces 100 per cent. indol 
from tryptophane aerobically; anaerobically, however, a little indol and much indol- 
propionic acid is produced. An excellent method for the detection of rennin pro- 
duction by those bacteria failing to do so in milk has been devised by Gorini (61). 
Sterilised milk is poured on to a well-developed agar slope culture of the organism 
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in question, and it is found by this method that many bacteria previously considered 
as non-rennin producers are able to produce milk-clotting enzymes. 


(e) FAT METABOLISM. 


Esters containing the higher fatty acids are less easy to hydrolyse than those 
containing the lower acids. Thus tristearin is not attacked by bacteria. Working 
with 159 bacterial strains Collins (62) found close agreement between lipolytic and 
proteolytic powers, but not all lipolytic bacteria were proteolytic in litmus milk. 
Lipolytic bacteria were found in milk, cream and butter, but not in aseptically 
drawn milk or in salted butter. Collins and Hammer (63) report that with esters up 
to tricaprylin, nile blue sulphate media give a bright red colour, thereafter the colour 
decreases with increasing molecular weight of the constituent fatty acid. Caprylic 
acid gives a blue, and capric acid a faint blue colour with this stain. The hydrogen- 
ion concentration was without effect over a pH range from 5-3-7°8. Triolein is easily 
hydrolysed and some bacteria possess exogenous enzymes. Out of eighty lipase 
producers sixty were found to possess the power of turning unsalted butter rancid. 
These authors also found that rancidity often developed in butter churned from raw 
cream which had been held at 6° C. (64). 

The determination of the numbers of lipolytic organisms in milk products, 
especially butter, is of increasing interest. Ordinary standard agar plus 1 per cent. 
tributyrin is an excellent differential medium for lipase-producing organisms, which 
show a clear zone in the turbid medium. 


(f) FERMENTED MILKS. 


The use of fermented milks for therapeutic purposes is still increasing. It has 
long been known that the feeding of milk and milk products increases the number 
of lactic acid bacteria in the intestinal flora. Lactic acid bacteria of the intestinal 
type containing volutin are most suitable for this purpose according to Henneberg (65). 
Stark et al. (66) report that by the feeding of acidophilus milk, L. acidophilus increases 
proportionally in the faeces but that this increase disappears in from 2 to 6 weeks 
after the experiment. This treatment also caused a decrease in the number of 
anaerobes, but the pH of the faeces remained unchanged at 7-3. L. acidophilus has 
been found to lose its viability faster at 4 than at 20° C. If this is so, cultures should 
be kept at room temperature and not, as hitherto in many laboratories, in the ice 
chest (67). A similar finding has been reported for certain streptococci (68). 

The bacteriology of Yoghurt milk has been investigated and this product shown 
to contain “L. Yoghurt”, L. bulgaricus and L. thermophilus (69). The effect of heating 
and homogenising the milk on the solidity of yoghurt has been described (70). 

L. acidophilus can take the place of L. caucasicus in Kefir without affecting it in 
any appreciable way. The flora is constituted approximately as follows: streptococci 
70 per cent., L. acidophilus (or caucasicus) 25 per cent. and yeasts 5 per cent. (71). 
In Warsaw, however, Kefir apparently contains Str. lactis, Oidiwm lactis and 
yeasts(72). Kuban fermented milk has been shown to contain Str. hollandicus (the 
ropy variety of Str. lactis), L. bulgaricus and three types of yeasts (73). 

Str. lactis and Leuconostore mesenteroides give the best results when used as a 
starter in the manufacture of Sauerkraut. The presence of rod forms was found to 
be detrimental to the product (74). 
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V. CHEESE. 


(a) PASTEURISATION IN RELATION TO CHEESE-MAKING. 

The question of pasteurisation of milk for cheese-making is one of great interest 
at the present time on account of the desire to produce as uniform a product as 
possible. In New Zealand it has been found that best quality cheese are obtained 
when the milk is flash pasteurised to temperatures from 150 to 165° F.(1). In milk 
used for Emmental cheese-making, pasteurisation may suppress excessive “holing” 
but does not produce a first class cheese(2). In the manufacture of Gouda and Edam 
cheese, the faults known as “bitter” and “metallic” taste occur more frequently 
when the milk is pasteurised, the ripening is slower and the taste tends to be 
“neutral” (3). Detailed data on the effect of pasteurisation of milk for making 
Camembert cheese are reported(4). Although a reliable method of forecasting of 
cheese quality is much to be desired it has been found that a bacteriological examina- 
tion does not permit this to be done(5). According to one worker, pasteurisation of 
milk results in a cheese possessing a purer and better flavour, provided that sufficient 
time is allowed for ripening(é). It is generally recognised that ripening proceeds 
more slowly in cheese made from pasteurised milk. In this connection it may be 
noted that although a higher storage temperature may compensate for the slower 
ripening, there is a danger of “unclean flavour” if the cheese are kept at this higher 
temperature for more than 4 weeks. After this period they should be held at less 
than 10° C.(7). 


(b) THE BACTERIOLOGY OF CHEESE-RIPENING (INCLUDING STARTERS). 


L. acidophilus may be used as a starter for Cheddar cheese, but abnormal milk 
affects the development of acidity to a greater extent than when ordinary starter 
is used (8). Hansen et al.(9) found that commercial mixed starters gave satisfactory 
flavour, body and texture in starter experiments on Cheddar cheese. Str. lactis 
gave almost as good a flavour and better body and texture than the commercial 
starters. Str. paracitrovorus added at the rate of under 4 per cent. to raw milk gave 
a characteristic bitter flavour and open body texture, but if pasteurised milk were 
used these faults were not so pronounced. If from 4 to 10 per cent. starter were 
used the cheese obtained were definitely bitter. Str. citrovorus behaved similarly. 
A mixture of all three streptococci was superior to the pure citrovorus strains but 
inferior to the commercial mixed starters. Cheese made from pasteurised milk were 
found to be equal in flavour and better in body and texture than those prepared 
from raw milk. The addition of Str. thermophilus improved the quality of Swiss 
cheese, and it was found that a pure culture was as effective as the ordinary starter 
and had the advantage of avoiding the uncertainties experienced with the latter (10). 
In this type of cheese Str. thermophilus was found to increase during the “kettle” 
process, but the increase in Str. lactis was stopped by the high temperatures attained 
during the cooking(11). It has been claimed that partial flavour control is possible 
in the manufacture of brick cheese by the use of type predominating starters(12). 

Rennet has been shown to contain acetoin-producing bacteria(13), the most 
frequent organisms in naturally prepared rennet being T’bm. lactis and Str. thermo- 
philus (14). 

Allen and Knowles (15) found that rennet bacteria were not significant constituents 
of the cheese flora. Of the normal udder flora only Staph. aureus was found in 
appreciable numbers in the cheese, and it is claimed that lactobacilli could be entirely 
absent without affecting the rate of ripening or the flavour of the cheese. A vigorous 
mixed starter induced a greater proteolysis than pure cultures. 
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In the ripening of Dutch cheese the lactobacilli are said to play a role in the 
breakdown of the proteins(16). In New Zealand no relation could be shown between 
the nitrogen partition and the commercial quality of Cheddar cheese, and the 
proteolytic powers of starters were found to have little influence on the rate of 
protein degradation, the principal agent in which was considered to be the rennet. 
When simple nitrogen compounds were present lactobacilli developed earlier and 
to a greater extent than normal(17). 

Grenz(18) found that the best Tilsiter cheese was obtained when holder pasteurised 
milk was mixed with streptococci and lactobacilli, the latter being indispensable. 
Acidoproteolytes and micrococci were always present in the cheese, and quality was 
dependent upon a certain sequence of ratios between the three types. Hanusch (19) 
has claimed that inoculation of Bact. alcaligenes into the cheese milk results in the 
production of a better cheese. The presence of bound sugars in all proteins(20) may 
play a hitherto unsuspected role in controlling the flora of ripening cheese. 


(c) RIPENING PROCESSES, 


(i) General. The production of volatile acids during the ripening by bacteria is 
of great importance from the point of view of flavour development and it is known 
that the peculiar differences in flavour existing between certain types of cheese may 
be ascribed to differences in the kind and quantity of volatile acids present. 

The identification of the various volatile acids is a somewhat tedious procedure, 
and a rather intricate partition method for formic, acetic, and propionic acids has 
been described by Osburn et al.(21). Individual acids may with advantage be esti- 
mated chemically in those cases where a suitable reaction may be utilised. Thus 
Kline has shown that butyric acid may be estimated by oxidation to acetone (22). 

Citric acid in cheese may be fermented to volatile ‘acid and acetoin by certain 
types of lactic acid bacteria and is therefore an important source of flavouring 
substances. 

It has been reported from Russia that citrates and weak alkalies accelerate the 
ripening of cheese and that lactose, lactic acid and phosphates decrease the rate of 
ripening. Pepsin and erepsin were without effect, but trypsin greatly increased the 
ripening rate(23) (cf. (27)). Attempts to alter the normal redox potential of ripening 
cheese showed that more intensely reducing conditions were not attainable by 
ordinary methods (the addition of reducing substances) and that somewhat higher 
oxidative conditions slightly retarded the ripening. Copper (36 p.p.m.) produced a 
very marked off-flavour and retarded the ripening to a marked degree. Destruction 
of “rennin” and “ pepsin” (these enzymes being defined by their stability to certain 
heat treatments at definite pH values) in rennet appeared to have no effect on the 
ripening, which is apparently effected by enzymes resisting these conditions of 
temperature and hydrogen-ion concentration. Further, there was no correlation 
observed between clotting time and the rate of proteolysis. Addition of lactobacilli 
with the starter accelerated the early stages of ripening (24). Acidity is known to be 
the most important factor controlling the contraction of the curd and it has been 
shown by Brown and Price(25) that it is the hydrogen-ion concentration and not the 
titratable acidity which governs this reaction. It was found that the best cheese 
were obtained when rennetting took place at pH 6-47, cutting at pH 6-51, scalding 
at pH 6-3-6-35, the whey run off at pH 6-12, the Cheddaring process at pH 5:97, 
and the whey from press had a pH of 5-25. When the pH changes during ripening 
were at a minimum and the values remained for the whole period ; greater than 5, 
the best cheese were obtained. Similar figures have been given for Emmental cheese 
by Koestler (26). 
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(ii) The enzymes of rennet. Commercial rennet has been shown to contain, usually, 
four enzymes, (i) pepsin, acting upon casein at pH values below 4-6, (ii) rennet 
protease (papainase), acting best upon the isoelectric (neutral) casein at pH 4-6, 
(iii) rennet peptidase, having a sharp optimum at pH 6-2 and apparently fluctuating 
in amount, and (iv) the clotting enzyme, rennin. As Cheddar cheese ripens over a pH 
range of 4-9-5-6, it is evident that pepsin cannot be a factor and the papainases and 
tryptases must be held responsible for the proteolysis(@7). The enzymic phase of 
rennet coagulation has been shown to have an optimum at about pH 5-4(28), and 
Linderstrom-Lang’s theory of milk-clotting is supported by experiments on the 
inhibitors of some milk-curdling enzymes(29). The precursor of rennin (prochymosin) 
is fully activated at pH 2-8 (unlike propepsin) (30). A considerable amount of work 
has been done recently on the nature of rennin and pepsin and it may be accepted 
with confidence now that these two enzymes have separate identities. Purified 
rennin is able to clot 1,450,000 parts of skim milk, but has no proteolytic power. 
It is apparently a thioproteose and pepsin a simple protein(3l). Rennin may be 
digested very easily by pepsin and trypsin (32). 

Although the pepsin-rennin ratio is mostly the same in suckling and adult 
animals of the same species, it is very low in the gastric mucosa of the calf (0-2) as 
compared with that of the cow (1-5). Calf rennin is less stable to acids than calf 
pepsin (33). Methods for the estimation of rennin and peptic activity have been 
described (34). An interesting point of some practical importance is contained in the 
observation that the smaller particles in rennet powder are about three times as 
active as the larger (35). 

Vegetable rennets have frequently been suggested for use in cheese-making, but 
it may be pointed out that the clotting enzymes found in plants have rather different 
properties from calf rennet. Thus papain has a temperature optimum in milk of 
87° C., and albumin and globulin act as protective colloids in this coagulation 
process (36). The proteolysis is reversibly inactivated by catalysed oxidation and, if 
—SH groupings are blocked, is completely suppressed (37). Similarly it has been 
found that oxygenation reverses proteolysis to synthesis, the latter process being 
favoured by (i) a high oxygen tension, (ii) a pH value of 7, (iii) a high S—S concen- 
tration, and (iv) high concentration of degradation products (38). 

In view of the frequent use of toluene in enzyme experiments it may be observed 
that toluene decreases the action of pepsin on casein but only slightly affects 
trypsin (39). Monoiodoacetic acid (2 per cent.) (which inhibits the lactic acid 
fermentation) does not inhibit pepsin (40). 

(iii) Moisture content. The factors controlling the separation of whey from a 
rennet clot have been shown to be (i) the cohesiveness of the containing vessel, 
(ii) the pH, (iii) the calcium chloride concentration (?pH effect), (iv) the temperature, 
and (v) the preheating of the milk, but the amount of rennet added is not a factor (41). 
Another important factor of practical significance is the ratio of cutting time to 
coagulation time. This is independent of the starter acidity and fat content of the 
milk, is slightly affected by pasteurisation, decreases with rising rennetting tem- 
peratures, increases with increasing amounts of rennet and finally is highly dependent 
on the nature of the milk (42). 

Changes in the amount of moisture retained in the curd during the making 
process may be followed by taking specific gravity measurements. These are quite 
simply done by placing small pieces of curd in salt solutions of different density and 
observing in which solution the curd just floats (43). 

The physical nature of the curd is controlled largely by the binding of water 
by the proteins present and this phenomenon has been discussed by McDowall and 
Dolby from the point of view of changes in the curd(44). Moisture is an important 
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factor in controlling bacterial growth, and an ingenious method for the estimation 
of moisture in a product such as cheese is based upon the fact that distillation under 
xylene removes all the water which distills and condenses to form a layer at the 
bottom of the distilled xylene and which may then be measured volumetrically (45). 

An important feature in the analysis of a substance of the nature of cheese lies 
in the sampling error involved. This is true not only for bacteriological but also for 
chemical analyses. Standardised methods for the sampling and analysis of cheese 
have been proposed by Swaving (46). 


(d) CHEESE FAULTS. 


(i) Slow acidity. This fault is probably the most widespread of all the difficulties 
in the manufacture of cheese, and available evidence points to the milk as the usually 
disturbing factor. Dibbern and Lembke found that desirable lactic acid bacteria 
grew but slowly in milk deficient in casein and calcium, high in albumin and globulin, 
and having a high pH and a low rennet value. Of the suspected milk samples 
80 per cent. came from “mastitis” or “abortus” cows(47). Milk may be either 
physiologically abnormal (colostrum and retention milks) or pathologically abnormal 
(mastitis milk), and Vuillaume has shown that slow rennetting times are due to a 
high pH and not to a calcium deficiency in the milk(48). 

Loss of vitality in starters may be due to the stirring of the milk culture in wide 
open vessels(49) or to the thermostable growth products of certain streptococci (50). 
In some cases the inhibiting substances were only produced when the milk was 
subsequently pasteurised (51). Another cause of the phenomenon of slow acidity 
may be phagocytosis of the streptococci by the leucocytes of the milk. If more 
than 5,000,000 leucocytes per ml. are present the rate of phagocytosis may be suffi- 
ciently high to slow up the formation of acid. This inhibition is easily destroyed by 
pasteurisation (52). Leitch considers that “‘slow starters” are due solely to abnormal 
milk (53). Recent work by Whitehead indicates that a streptococcal bacteriophage 
may be responsible for some cases of “slow starter” (54). 

A simple reductase test for non-acid milk has been described by Cox(55). For 
the propagation of starters, milk of high total solids and high acidity should always 
be used. A low acid milk is indicative of a high pH and probably an abnormality 
of the type which is inimical to the growth of starter streptococci(56). The whole 
question of slow starters has been reviewed (57). 

(ii) Abnormal fermentations. Faults of this type in cheese are usually due to the 
coli-aerogenes or to the butyric acid bacteria. The aerogenes type may be suppressed 
by the pasteurisation of the milk or by the addition of potassium nitrate to the 
curd (58). “Rusty spot” in Cheddar cheese may also be checked by the use of this 
oxidant which induces in the cheese a potential higher than that at which the 
causative organism is able to produce pigment (59). 

In artificial inoculation experiments it was found that of the organisms of the 
coli-aerogenes group Bact. aerogenes caused the strongest “blowing”, irrespective of 
its habitat. Bact. coli having an optimum growth temperature of 37°C. did not 
cause this fault, but remained viable in the cheese. Infection was found to be more 
serious when the milk had been heated. Mixed coli and aerogenes bacteria caused 
less “blowing” than Bact. aerogenes alone. When the milk was inoculated but failed 
to produce a “blown” cheese a distinct ‘‘byre” smell was noticeable (60). According 
to Wojtkiewicz the inhibition of coli-aerogenes faults by potassium nitrate is ap- 
parently due to the potassium nitrite formed. Lactic acid bacteria do not reduce 
nitrate and are less sensitive to nitrite (1). 

The butyric acid bacteria are responsible for serious faults in some types of 
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Continental cheese, especially those which are subjected to rather intensive heat 
treatment. It has been found that in March these bacteria are found in large 
numbers in milk, and decrease and rise again to a maximum in late May and June. The 
proteolytic anaerobes such as Cl. sporogenes and Cl. putrificum increases in number 
in March, but are at a maximum in December. Saccharolytic anaerobes are the 
more active in cheese, but by the use of a good starter the strongest infection may 
be paralysed (62). 


VI. BUTTER. 


Quality of cream is of paramount importance in butter-making. Bendixen and 
Ellington (1) emphasise the difficulty of grading because of the complexity of the 
factors that influence the flavour of cream and butter made from it. They suggest 
that a combination of flavour and acidity provides the most reliable index. Macy (2) 
has tried the Reductase Test (triple strength methylene blue) with satisfactory 
results. 

In the production of high grade butter made from ripened cream it is necessary 
to use a starter containing actively growing organisms of the aroma-producing type. 
The amount of inoculum and the temperature of incubation of starter are important 
factors and, after a survey of methods and results in 4400 Danish dairies, Herz (3) 
states that the addition of 4 per cent. inoculum and an incubation temperature of 
16° C. was the combination most widely used. Michaelian, Farmer and Hammer (4) 
found that only relatively few of the citrate-fermenting streptococci produced acetyl- 
methyl-carbinol in milk, but the amount produced was strikingly increased by the 
addition of various acids. Citric acid, the apparent source of this substance in butter 
cultures, added to the milk used for such cultures increased the production of acetyl- 
methyl-carbinol and also of volatile acids, i.e. of the aroma-producing substances. 
Templeton and Sommer(5) found that the addition of citric acid or sodium citrate 
to the starter or cream improved the flavour of butter made from it. The higher 
acidity had no obvious or definite harmful effect on the keeping quality of the butter. 
On the other hand, Ritter and Strussi(6) found that the addition of citric acid was 
apt to produce excessive flavour in the butter and impair its keeping quality. Since 
high grade butter can be made without the addition of such adulterants they do 
not recommend the practice. The addition to butter of diacetyl or other aroma-pro- 
ducing substances is an illegal practice in some countries. In this connection it is 
interesting to note that Ritter(7) reports that a “highly concentrated aroma culture” 
was found on examination to contain 2 per cent. diacetyl and be practically devoid 
of living organisms. On these grounds the addition of such material would be con- 
sidered chemical adulteration, and, as such, illegal in Switzerland. 

The great problem of the industry is the production of butter of good flavour 
and good keeping quality, i.e. which will not lose its fresh flavour during a period 
of storage. There are faults of flavour or appearance which are local and temporary, 
and usually traceable to the action of moulds or proteolytic bacteria. Butter, 
especially unsalted varieties, constitutes a favourable medium for the growth of 
moulds. The growth of those causing the most serious defects (e.g. Altenaria, Hormo- 
dendron, Phoma, Stemphylium) was not significantly retarded at 5° C. (Macy and 
Steele(8)), and while a temperature of —18° C. prevented visible growth, 20 weeks’ 
exposure to this temperature did not kill the mould. This necessity for the use of 
very low temperatures in the prevention of mould growth has also been emphasised 
by Orla-Jensen and Otte(9) who advocate a storage temperature not higher than 
—3-5 to —7:5° C, 

The chief source of moulds is the utensils, especially those made of wood, e.g. 
churns for butter-making and tubs for transport. Not only does the open structure 
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of the wood offer protection to the spores, but according to Shunina(10) the wood 
itself has a stimulating action on the development of the mould. In spite of the 
well-known difficulty of sterilisation, wood is still the material most generally used 
for butter-making utensils because of its practical advantages. Olson and Hammer (11) 
and Neill(12) have published the results of experiments confirming the view already 
held that chlorine disinfectants are inefficient cleansers for such utensils, and that 
hot water treatment gives more satisfactory results. Demeter(13) points out that 
current steam is the most effective agent and also brings forward results of experi- 
ments which suggest that there are possibilities in the use of a combination of catadyn 
water and hydrogen peroxide for this purpose. The practical butter-maker has always 
objected to the use of the easily sterilisable metals for the construction of butter 
churns on the grounds that since the surface cannot be satisfactorily wetted the 
butter adheres. Bowman (14) has given an account of a churn invented by Metchel 
and Wetmare, made of an alloy of aluminium containing 2 per cent. magnesium, to 
which the butter does not adhere and which could be steam sterilised. Preliminary 
tests have indicated that churn contamination could be eliminated and that the 
flavour of the butter was not influenced even after 18 months. 

Many organisms may be introduced with the washing water if the supplies are 
not pure. Chlorine treatment may be resorted to in such circumstances. Gross and 
Hindrikson (15) have experimented with caporite (65-70 per cent. available chlorine) 
and commercial chloride of lime (27-30 per cent. available chlorine). They found 
that 0-3-0-5 per cent. caporite and 0-6-1-0 per cent. chloride of lime acting for 
2 hours was sufficient to disinfect water; at the end of this time they could not 
detect gelatine-liquefying bacteria. Larger quantities of the disinfectants could be 
used without affecting the flavour of the butter. 

Demeter and Haase (16) have tried the effect of washing butter with water acti- 
vated in varying degrees with catadyn silver. They found that in the fresh butter 
the total count on lactose agar, including acid-producing bacteria and members of 
the coli-aerogenes group, was considerably reduced, but the proteolytes, yeasts and 
moulds were not appreciably affected. During cold storage the destruction of the 
organisms growing on lactose agar was carried further still; it is doubtful whether 
the proteolytes were affected, but the moulds were definitely inhibited, and yeasts 
reduced to a marked extent. Grimmer and Grenz(17) came to the conclusion that 
although regular treatment of butter churn and worker with catadyn water made 
it possible to eliminate to a large extent these sources of infection, the use of catadyn 
water for butter washing could not be regarded as a practical proposition. There 
was a loss of keeping quality due to the development of oiliness and a disturbance 
of the balance of organisms. The lactic acid bacteria were reduced in number, but 
the deleterious proteolytes, yeasts and moulds proportionately increased. 

The main problem of the factors which determine the keeping quality of butter 
during cold storage is more complicated, but it is of vital importance in view of the 
fact that butter often must be transported over very long distances. It would be 
a great asset to the industry to be able to predict the keeping quality within some 
degree of certainty before the butter was consigned to cold storage. 

Biological factors are of importance and the American Dairy Science Association 
has issued the report(l8) of a sub-committee appointed to study the methods of 
sampling and testing, giving full details of their recommendations. Parfitt(19) has 
found potato dextrose agar a most satisfactory medium for yeast and mould counts. 
Variety in potatoes appeared to have no influence on its efficacy. 

Extensive examinations of butter before and after varying periods of storage 
have been carried out in important butter-making countries. Arup and Gilmour (20) 
confirmed their previous findings, that there was little correlation between the 
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keeping quality as indicated by flavour scores and the yeast, mould and bacterial 
count. Of the chemical data, the pH determinations appeared to be of the greatest 
value. The figures ranged from 6-2 to 7-4, and it was observed that butters with 
values below 6-7 did not keep as well in cold storage as those with higher. Loftus- 
Hills, Scharp and Bellair(21) obtained very similar results with Victorian salted 
butter. They found no positive correlation between the keeping quality and yeast, 
mould and bacterial counts, and of the chemical factors the acidity and copper 
content appeared to be the most important. Grimes and Hennerty (22) have shown 
that in sweet cream butter of first grade quality, stored at 15° F. (—9-5° C.) for 
8 months, many types of bacteria persisted, and whilst there was a tendency for 
Oidium lactis to decrease, there was a notable increase in the yeast count, frequently 
with injury to the keeping quality. On the other hand, Arup and Gilmour (20) found 
considerable reduction in the yeast counts at —6 and —12°C., and reductions in 
the moulds at — 12°C, - 
Collins and Hammer(23) have examined the spread of bacteria through butter 
using several strains of motile and non-motile organisms. They found that migration 
of the bacteria is rare, occurring only in badly-worked butter. It is quite another 
matter when the bacteria can spread in surface moisture, or in canals in the butter. 
Since the catalase test appears to offer a simple and rapid means of determining 

the number of contaminating organisms in butter, several workers have examined 
its efficiency. Loftus-Hills, Scharp and Bellair(21) in their studies of Victorian salted 
butters found no relationship between the catalase value and the loss of grade during 
storage. In this connection Knudsen (24) points out that since the faults developing 
in cold storage are due to chemical rather than to bacteriological factors this result 
would be anticipated. From comparative tests on 15,993 samples of Danish butter 
(which is not usually “‘cold-stored”) he has found the correlation between the 
catalase number and the score to be —0-85+0-06 when the score was above the 
average and —0-96 + 0-01 when the score was below the average. His results agreed 
with the experience of practical dairymen. Dairies which constantly produced butter 
of good quality invariably had a low catalase figure, whilst higher figures were always 
obtained in the dairies producing butter of variable quality. Karlsson(25) has to a 
large extent confirmed Knudsen’s results. 

A. T. R. MATTICK. 

E, R. HISCOX. 

J. G. DAVIS. 
NaTIoONAL INSTITUTE FOR RESEARCH IN DaIRYING, 

University OF READING. 
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